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Pyrazolo[3,4-b]pyridine compounds, and their use as phosphodiesterase 
«•■ inhibitors 

The present invention relates to pyrazolopyridine compounds, processes for their 
preparation, intermediates usable in these processes, and pharmaceutical compositions 
containing the compounds. The invention also relates to the use. of the pyrazolopyridine 
compounds in therapy, for example as inhibitors of phosphodiesterases (PDE) and/or for 
the treatment and/or prophylaxis of inflammatory and/or allergic diseases such as chronic 
obstructive pulmonary disease (COPD), asthma, rheumatoid arthritis or allergic rhinitis. 

US 3,979,399, US 3,840,546, and US 3,966,746 (E.RSquibb & Sons) disclose 4-amino 
derivatives of pyrazolo[3,4-b]pyridine-5-carboxamides wherein the 4-amino group 
NR3R4 can be an acyclic amino group wherein R 3 and R4 may each be hydrogen, lower 
alkyl (e.g. butyl), phenyl, etc.; NR3R4 can alternatively be a 3-6-membered heterocyclic 
1 5 group such as pyrrolidino, piperidino and piperazino. The compounds are disclosed as 
central nervous system depressants useful as ataractic, analgesic and hypotensive agents. 

US 3,925,388, US 3,856,799, US 3,833,594 and US 3,755,340 (E.RSquibb & Sons) 
disclose 4-amino derivatives of pyrazolo[3,4-b]pyridine-5-carboxylic acids and esters 
20 The 4-armno group NR3R4 can be an acyclic amino group wherein R 3 and R4 may each 
be hydrogen, lower alkyl (e.g. butyl), phenyl, etc.; NR3R4 can alternatively be a 5-6- 
membered heterocyclic group in which an additional nitrogen is present such as 
pyrrolidino, piperidino, pyrazolyl, pyrimidinyl, pyridazinyl or piperazinyl. The 
compounds are mentioned as being central nervous system depressants useful as ataractic 
25 agents or tranquilisers, as liavmg antiinflammatory and analgesic properties. The 

compounds are mentioned as increasing the intracellular concentration of adenosine-3',5'- 
cyclic monophosphate and for alleviating the symptoms of asthma. 

H. Hoehn et al., J. Heterocycl. Chem., 1972, 9(2), 235-253 discloses a series of 1H- 
30 pyrazolo[3,4-b]pyridine-5-carboxylic acid derivatives with 4-hydroxy, 4-chloro, 
4-alkoxy, 4-hydrazmo, and 4-amino substituents. 



35 



40 



CA 1003419, CH 553 799 andT.D&nzel,ArchivderPharmazie, 1974, 307(3), 177-186 
disclose 4,5-disubstituted l#-pyrazolo[3,4-b]pyridines unsubstituted at the 1-position. 

US 3,833,598 and GB 1,417,489 (E.R.Squibb & Sons) disclose 4-amino derivatives of 
pyrazolo[3,4-b]pyridine-6-carboxylic acids and esters. The 4-amino group NR3R4 can 
be an acyclic amino group wherein R 3 and R4 may each be hydrogen, lower alkyl, 
R 6 ^7-Phenyl, etc.; or NR3R4 can be a 5-6-membered heterocyclic group in which an 
additional nitrogen is present, namely optionally substituted pyrrolidino, piperidino 
pyrazolyl, dihydropyridazinyl or piperazinyl. At the 5-position of the pyrazoloP 4-' 
b]pyndine is group R 5 which is hydrogen, lower alkyl, phenyl, phenyl-lower-alkyl or 
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halogen; R 5 is preferably hydrogen, methyl or chlorine. The compounds are mentioned as 
j£»eing central nervous system depressants useful as tranquilizers or ataractic agents for the 
relief of anxiety and tension states. The compounds are also mentioned as increasing the 
intracellular concentration of adenosine-3',5'-cyclic monophosphate and for alleviating 
the symptoms of asthma. The compounds are also mentioned as having anti- 
inflammatory properties and as being useful as anti-inflammatory agents, for example, to 
reduce local inflammatory conditions such as those of an edematous nature or resulting 
from proliferation of connective tissue in various mammalian species such as rats and 
dogs. 



US 4,1 15,394 and GB 1,511,006 (E.R.Squibb & Sons) disclose 4-amino derivatives of 6- 
phenyl-pyrazolo[3,4-b]pyridines. The 4-amino group NR3R4 is an acyclic amino group 
wherein R 3 and R4 may each be hydrogen, lower alkyl, phenyl, phenyl-lower-alkyl or 
substituted phenyl. At the 5-position of the pyrazolo[3,4-b]pyridine is group R 5 which is 

1 5 hydrogen, lower alkyl, phenyl or phenyl-lower-alkyl; R 5 is preferably hydrogen. The 
compounds are mentioned as having anti-inflammatory properties and as being useful as 
anti-inflammatory agents, for example, to reduce local inflammatory conditions such as 
those of an edematous nature or resulting from proliferation of connective tissue in 
various mammalian species such as rats and dogs. The compounds are also mentioned 

20 (a) as having diuretic activity, and (b) as increasing the intracellular concentration of 
adenosine-S'^'-cyclic monophosphate and for alleviating the symptoms of asthma. 

Japanese laid-open patent application JP-2002-20386-A (Ono Yaloihin Kogyo KK) 
published on 23 January 2002 discloses pyrazolopyridine compounds of the following 
25 formula: 




JP-2002-20386-A 
(Ono) 



wherein R 1 denotes 1) a group -OR 6 , 2) a group -SR 7 , 3) a C2-8 alkynyl group, 4) a nitro 
group, 5) a cyano group, 6) a CI -8 alkyl group substituted by a hydroxy group or a CI -8 
alkoxy group, 7) a phenyl group, 8) a group -C(0)R 8 , 9) a group -SOzNRV 0 , 10) a 
) group -NR n S02R 12 , 1 1) a group -NR ,3 C(0)R 14 or 12) a group -CH=NR 15 . R 6 and R 7 
denote i) a hydrogen atom, ii) a Cl-8 alkyl group, iii) a Cl-8 alkyl group substituted by a 
Cl-8 alkoxy group, iv) a trihalomethyl group, v) a C3-7 cycloalkyl group, vi) a Cl-8 
alkyl group substituted by a phenyl group or vii) a 3-1 5 membered mono-, di- or tricyclic 
hetero ring containing 1-4 nitrogen atoms, 1-3 oxygen atoms and/or 1-3 sulphur atoms. 
R 2 denotes 1) a hydrogen atom or 2) a Cl-8 alkoxy group. R 3 denotes 1) a hydrogen 
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atom or 2) a Cl-8 alkyl group. R 4 denotes 1) a hydrogen atom, 2) a Cl-8 alkyl group, 3) 
/A C3-7 cycloalkyl group, 4) a Cl-8 alkyl group substituted by a C3-7 cycloalkyl group, 5) 
a phenyl group which may be substituted by 1 -3 halogen atoms or 6) a 3- 1 5 membered 
mono-, di- or tricyclic hetero ring containing 1-4 nitrogen atoms, 1-3 oxygen atoms 
5 and/or 1-3 sulphur atoms. R 5 denotes 1) a hydrogen atom, 2) a Cl-8 alkyl group, 3) a C3- 
7 cycloalkyl group, 4) a Cl-8 alkyl group substituted by a C3-7 cycloalkyl group or 5) a 
phenyl group which may be substituted by 1-3 substituents. In group R 3 , a hydrogen 
atom is preferred. In group R 4 , methyl, ethyl, cyclopropyl, cyclobutyl or cyclopentyl are 
preferred. The compounds of JP-2002-20386-A are stated as having PDE4 inhibitory 
1 0 activity and as being useful in the prevention and/or treatment of inflammatory diseases 
and many other diseases. 

EP 0 076 035 Al (ICI Americas) discloses pyrazolo[3,4-b]pyridine derivatives as central 
nervous system depressants useful as tranquilisers or ataractic agents for the relief of 
1 5 anxiety and tension states. 

The compound cartazolate, ethyl l-emyl-4-n-butylannno-lH-pyrazolo[3,4-b]-pyridine-5- 
carboxylate, is known. J.W. Daly et al., Med. Chem. Res., 1994, 4, 293-306 and D. Shi 
et al., Drug Development Research, 1997, 42, 41-56 disclose a series of 
20 4-(amino)substituted lH-pyra2olo[3,4-b]pyridine-5-carboxylic acid derivatives, including 

ethyl 4-cyclopenrylarrnno-l-memyl-lH-pyi^olo[3,4-b]pyridine-5-carboxylate, and their 
affinities and antagonist activities at Ai- and A2A-adenosine receptors, and the latter 
paper discloses their affinities at various binding sites of the GABAA-receptor channel. 
S. Schenone et al., Bioorg. Med. Chem. Lett., 2001, 1 1, 2529-2531, and R Bondavalli et 
25 al., J. Med. Chem., 2002, vol. 45 (Issue 22, 24 October 2002, allegedly published on the 
Web on 09/24/2002), pp. 4875-4887, disclose a series of 4-amino-l-(2-chloro-2- 
phenylethyl)-lH-pyrazolo[3,4-b]pyridine-5-carboxylic acid ethyl esters as Al-adenosine 
receptor ligands. 

30 WO 02/060900 A2 appears to disclose, as MCP-1 antagonists for treatment of allergic, 
inflammatory or autoimmune disorders or diseases, a series of bicyclic heterocyclic 
compounds with a -C(0)-NR 4 -C(0)-]S1R 5 R6 substituent, including isoxazolo[5,4- 
bjpyridines and l#-pyrazolo[3,4-b]pyridines (named as pyrazolo[5,4-b]pyridines) with 
the -C(0)-NR 4 -C(0)-NR 5 R 6 group as the 5-substituent and optionally substituted at the 

35 1-, 3-, 4-, and/or 6-positions. Bicyclic heterocyclic compounds with a -C(0)NH2 

substituent instead of the -C(0)-NR 4 -C(0)-NR5r6 substituent are alleged to be disclosed 
in WO 02/060900 as intermediates in the synthesis of the -C(0)-NR 4 -C(0)-NR 5 R 6 
substituted compounds. 

40 S.S.Chakravorti et al., Indian J. Chem., 1978, 16B(2), 161-3 discloses the compounds 
4-hydroxy-l,3-<fcphenyl-5-^4 , -dihy^ 

l,3-diphenyl-4-hydroxy-5-(3'-memyl-3^4'-dihydroisoquinol-l , -yl)- 
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v pyrazolo[3,4-b]pyridine. These two compounds were tested for antifilarial activity but 
vjyere found to have no significant microfilaricidal activity. 

G. Sabitha et aL, Synthetic Commun., 1999, 29(4), 655-665 discloses a synthetic route to 
5-substimted-6-amino-l-phenyl-3-(methyl or phenyl)-pyrazolo[3,4-b]pyridines wherein 
the 5-substituent of the pyrazolo[3,4-b]pyridine is benzimidazol-2-yl, 
5-chloro-benzoxazol-2-yl, or benzothiazol-2-yl. Though declared to be biologically 
interesting molecules", there is however no disclosure that these compounds had been 
tested in any pharmacological tests and there is no disclosure of any general or specific 
biological activity of these compounds. 

On 8th April 2003, Chemical Abstracts (CAS) registered on their database a compound 
with the CAS Registry Number 502143-17-1, with the chemical name "lH-Pyrazolo[3,4- 
b]pyridin-4-amine, N-butyl-5-(4,5-dihydro-lH-imidazol-2- yl)-l -ethyl-" and bearing the 
laboratory code NSC 235755. As at 5th November 2003, the CAS entry for this 
compound had no associated literature references and therefore it appears that no 
chemical synthesis and no uses of the compound have been disclosed as at 5th November 
2003. The structure of the compound from the CAS database is as follows: 

NHBu-n 

IT 

ir 

Ss Et 

It is desirable to find new compounds which bind to, and preferably inhib it, 
phosphodiesterase type IV (PDE4). 

The present invention provides a compound of formula (J) or a salt thereof (in particular, 
a pharmaceutically acceptable salt thereof): 



N 




(0 



wherein: 

Rl is Ci_4&lkyl, Ci_ 3 fluoroalkyl or-(CH 2 )20H; 
R 2 is a hydrogen atom (H), methyl or Cifluoroalkyl; 
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,R 3 is optionally substituted branched C3_galkyl, optionally substituted Cs.gcycloalkyl, 
Optionally substituted mono-unsaturated-Cs.ycycloalkenyl, optionally substituted phenyl, 
or an optionally substituted heterocyclic group of sub-formula (aa), (bb) or (cc)- 

(aa) (bb) (cc) 

in which n 1 and n 2 independently are 1 or 2; and Y is O, S, SO2, or NR 4 ; where R 4 i s a 
hydrogen atom (H), C 1 _ 2 alkyl, C 1 _ 2 fluoroalkyl, CH 2 C(0)NH 2 , C(0)NH 2 , 
C(0)-Ci_ 2 alkyl, or C^-Cxfluoroalkyl; 

wherein in R 3 the optionally substituted branched C 3 _6alkyl is optionally substituted with 
one or two substituents being oxo (=0), OH, Ci_2alkoxy or Ci_ 2 fluoroalkoxy; and 

wherein any such substituent is not substituted at the R 3 carbon atom attached (bonded), 
to the -NH- group of formula (T); 

wherein in R 3 the phenyl is optionally substituted with one substituent being fluoro, 
chloro, Ci_ 2 alkyl, C^fluoroalkyl, Ci_ 2 alkoxy, Ci_ 2 fluoroalkoxy or cyano, or with two 
or three fluoro substituents; 

wherein in R 3 the C3_8cycloalkyl or the heterocyclic group of sub-formula (aa), (bb) or 
(cc) is optionally substituted with one or two substituents independently being (e.g. 
being) oxo (=0); OH; Ci_ 2 alkoxy; Ci. 2 fluoroalkoxy, NHR 2 1 wherein R 2 * is a 
hydrogen atom (H) or Ci_4 straight-chain alkyl; Ci_ 2 alkyl; Ci_ 2 fluoroalkyl (e.g. 
Cifluoroalkyl such as -CH 2 F or -CHF^; -CH 2 OH; -CH 2 CH 2 OH; -CH 2 NHR22 wherein 
R 22 is H or C 1 _ 2 alkyl; -C(0)OR 23 wherein R 23 is H or C^aHcyl; -C(0)NHR 24 
wherein R 24 is H or Ci_ 2 alkyl; -C(0)R 2 5 wherein R 2 ^ is Ci_ 2 alkyl; fluoro; 
hydroxyimino (=N-OH); or (Ci^alkoxy)imino (=N-OR 2 6" where R 2 ^ is C^alkyl); and 
wherein any OH, alkoxy, fluoroalkoxy or NHR 2 1 substituent is not substituted at the R 3 
ring carbon attached (bonded) to the -NH- group of formula (I) and is not substituted at 
either R 3 ring carbon bonded to the Y group of the heterocyclic group (aa), (bb) or (cc); 

and wherein, when R 3 is optionally substituted mono-unsaturated-C5_7cycloalkenyl, then 
the cycloalkenyl is optionally substituted with one or two substituents independently 
being fluoro or Ci_ 2 alkyl provided that if there are two substituents then they are not 

both C 2 alkyl, and the R 3 ring carbon bonded to the -NH- group of formula (T) does not 
partake in the cycloalkenyl double bond; 
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and R 3a is a hydrogen atom (H) or straight-chain Ci_3alkyl; 

provided that when R 3a i s Ci_ 3 alkyl then R 3 is tetrahydro-2H-pyran-4-yl, cyclohexyl 
(i.e. unsubstituted), 3-hydroxy-cyclohexyl, 4-oxo-cyclohexyl or 
4-(hydroxyimino)cyclohexyl; . 



and wherein Het is of sub-formula (i), (ii), (iii), (iv) or (v): 




0) (ii) (iii) (iv) (v) 



wherein: 

W 1 , W 2 , W 4 and W 5 is N; and W 3 is NRW ; 

Xl, X 3 and X* is N or CR*; X 2 is O, S or NR* ; and X* is CRX1 R X2 or C rX3 r X4. 

Yl, Y 2 and Y 3 is CRY or N; Y 4 i s 0) S or NRY ; and Y5 is CRY1RY2 ; 

Zl and Z 5 is O, S or NR Z ; and 7%, Z 3 and Z 4 is N or CRZ; 

wherein: 
RW 

is a hydrogen atom (H) or Ci_2alkyl; 

R x , RX 2 , R y and R Y2 independently are: 
a hydrogen atom (H); 
Ci_8alkyl; 

C3-6cycloalkyl optionally substituted by one or two Ci_2alkyl groups and/or by one 
oxo (=0) group; 

-(CH2) n 2a -C3.6cycloalkyl optionally substituted, in the -(CH2) n 2a - moiety or in 
the C3_6cycloalkyl moiety, by a Ci_2alkyl group, or optionally substituted in 
the C 3 _6cycloalkyl moiety by a -CH 2 C(0)NHCi_ 2 alkyl group, wherein n 2 * is 
1, 2 or 3; 
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-(CH 2 ) n 3 -S(0) 2 -R 5 , -CH(C 1 _ 2 alkyl)-S(0) 2 -R 5 , -CMe 2 -S(0) 2 -R 5 , or 

C3-5cycloalkyl substituted at the connecting carbon atom by -S(0) 2 -R 5 , 
wherein n 3 is 1 or 2; 

andR5 is Ci^alkyl (e.g. Ci_ 3 alkyl), -NR 15 Rl6 phenyl, carbon-linked- 
pyridinyl or benzyl (wherein the phenyl and benzyl are independently 
optionally substituted on the aromatic ring by one or two substituents 
independently being jQuoro, chloro, Ci_ 2 alkyl, Cifluoroalkyl, Ci_ 2 alkoxy, 
Cifluoroalkoxy or OH, and wherein the pyridinyl is optionally substituted by 
one methyl, methoxy or OH (mcluding any tautomer thereof)); 

wherein R 15 is H, C 1 _ 4 alkyl (e.g. Ci_ 2 alkyl), phenyl, benzyl (wherein the 

phenyl and benzyl are independently optionally substituted on the aromatic 
ring by one or two substituents independently being fluoro, chloro, C]_ 2 alkyl, 
Cxfluoroalkyl, C^alkoxy or Cifluoroalkoxy), CH(Me)Ph, or carbon-linked- 

pyridinyl optionally substituted by one methyl, methoxy or OH (including any 
tautomer thereof); 

and Rl6 is H or Ci_ 2 alkyl; 

or wherein Rl5 and Rl6 together are -(CH 2 )n 3a -X 3a -(CH 2 ) n 3b_ in which 
n 3a and n 3b independently are 2 or 3 and X 3a is a bond, -CH 2 -, O, or NR.8a 
wherein R 8a is H or Ci_ 2 alkyl, acetyl, -S(0) 2 Me or phenyl, and wherein the 
ring formed by NR l5 R 16 is optionally substituted on a ring carbon by one or 
two substituents independently being methyl or oxo (=0); 
-(CH 2 ) n 4-NR°R7 -CH(Ci_ 2 alkyl)-NR°R7 -CMe 2 -NR°R7 or C3_5cycloalkyl 

substituted at the connecting carbon atom by -NR 6 R 7 wherein n 4 is 0 1 2 or 
3; 

and R 6 and R 7 independently are H, Ci^alkyl (e.g. Ci^alkyl), . 
C 3 _ 6 cycloalkyl, -CH 2 -C 3 . 6 cycloalkyl, -C(0)Rl7 > -S(0) 2 R 18 , phenyl, benzyl 
(wherein the phenyl and benzyl are independently optionally substituted on 
the aromatic ring by one or two substituents independently being fluoro, 
chloro, Ci_2alkyl, Cifluoroalkyl, Ci^alkoxy or Cifluoroalkoxy), or carbon- 

linked-pyridinyl optionally substituted by one methyl, methoxy or OH 
(including any tautomer thereof); 

and wherein R* 7 and R 18 independently are Ci^alkyl (e.g. C^alkyl or 
Ci_2alkyl or isopropyl or n-propyl), Cs.gcycloalkyl, optionally substituted 5- 
membered heteroaryl being furyl (fiiranyl, e.g. 2-furyl) or 1,3-oxazolyl or 
isoxazolyl or oxadiazolyl or thienyl (e.g. 2- or 3- thienyl) or 1,3-thiazolyl or 
isothiazolyl or pyrrolyl or imidazolyl or pyrazolyl (all independently 
optionally substituted by one oxo and/or one or two methyl), or phenyl or 
benzyl (wherein the phenyl and benzyl are independently optionally 
substituted on the aromatic ring by one or two substituents independently 
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being fluoro, chloro, Ci^alkyl, Cifluoroalkyl, C^alkoxy, Cifluoroalkoxy 

or OH), or carbon-linked-pyridinyl optionally substituted by one methyl, 
methoxy or OH (including any tautomer thereof); 

or R6 and R 7 together are -(CH2)n 5 -X 5 -(CH2) n 6 - in which n 5 and n 6 
independently are 2 or 3 and X 5 is a bond, -CH2-, O, or NR 8 wherein R 8 is H, 
Ci^alkyl, acetyl, -S(0)2Me or phenyl, and wherein the ring formed by 

NR 6 R 7 is optionally substituted on a ring carbon by one or two substituents 
independently being methyl or oxo (=0); 
-(CH 2 ) n 7 -0-R 9 ; wherein n 7 is 0, 1, 2 or 3 and R 9 is H, Ci^alkyl, C 3 _ 6 cycloalkyl, 
-CH2-C3^6cycloalkyl, -C(0)R 17 phenyl, or benzyl (wherein the phenyl and 

benzyl are independently optionally substituted on the aromatic ring by one or 
two of fluoro, chloro, C^alkyl, Cifluoroalkyl, C^alkoxy or 

Cifluoroalkoxy); wherein n 7 is 0 only when the -(CH2) n 7 -0-R 9 is bonded to 

a carbon atom in the Het ring; and wherein n 7 is not 0 when Het is of sub- 
formula (v) (i.e. n 7 is not 0 for RX2 ^ f or rY2). 
-(CH 2 )n 11 -C(O)-NRl0Rll, -CH(Ci_ 2 alkyl)-C(O>NRl0Rl 1, 

-CMe 2 -C(O)-NR 10 R 1 \ or C3_5cycloalkyl substituted at the connecting 
carbon atom by -C^-NR 1 °r! \ wherein n 1 1 is 0, 1 or 2; 

and wherein R 1 ^ and Rl 1 independently are: H; Ci_galkyl; 
Ci^fluoroalkyl; C2-4alkyl substituted by one OH or -OCi^alkyl other than 
at the connection point; C3_gcycloalkyl optionally substituted by one or two 
methyl groups; -CH2-C3_6cycloalkyl optionally substituted by one methyl, 
NH2 or NHMe group; -(CH2)n 17 -Het 2 ; carbon-linked-pyridinyl optionally 

substituted by one methyl, methoxy or OH (including any tautomer thereof); 
phenyl; benzyl; or -CH(Ci_2alkyl)Ph [wherein the phenyl, benzyl, and 
-CH(Ci«2alkyl)Ph are independently optionally substituted on the aromatic 
ring by one or two substituents independently being: fluoro, chloro, 
Ci^alkyl, Cifluoroalkyl, Ci_2alkoxy, Cifluoroalkoxy, OH, -NR 10a R 10b 
(wherein R 10a is H or C^alkyl and R J 0t> is H, Ci_ 2 alkyl, -C(0)-Ci_2alkyl 
or-S(0) 2 -Ci_ 2 alkyl), -C(O)-NR 1 0cRl0d (wherein RlOc andRlOd 

independently are H or Ci^alkyl), or -S(O)2~R 10e (wherein Rl° e is 
C^alkyl, NH 2 , NHMe or NMe2)], 

wherein n* 7 is 0, 1 or 2 and wherein Het 2 is a 4-, 5- or 6- membered 
saturated heterocyclic ring containing one O or S ring atom or one NR 27 ring 
group wherein R 27 is H, Ci^alkyl, -C(0)Me, or -S(0)2Me, wherein the Het 2 
ring is optionally substituted on a ring carbon by one or two substituents 
independently being methyl or oxo (=0); 
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and wherein when n 17 is 2 then the Het 2 ring can optionally contain one 
additional ring N atom at the Het 2 ring position bonded to the -(CH2) n 17 - 
moiety; provided that, when Het 2 contains one O or S or NR 27 ring 
atom/group and one additional ring N atom, then the O/S/NR 27 ring 
atom/group and the one additional ring N atom are not directly bonded to each 
other, and are separated by more than one carbon atom; 

or RlO and R* 1 together are -(CH 2 ) n 8 -X 6 -(CH2) n 9 - in which n« and n 9 
independently are 2 or 3 and X 6 is a bond, -CH2-, O, or NR 12 wherein R 12 is 
H, Ci_2alkyl, acetyl, -S(0)2Me or phenyl, and wherein the ring formed by 

NR 10 R* 1 is optionally substituted on a ring carbon by one or two substituents 
independently being methyl or oxo (=0); 
-(CH 2 ) n 12 -C(0)-OR 13 wherein n 12 is 0, 1 or 2; and wherein Rl3 is H, C^galkyl, 
C3-6cycloalkyl, -CH2-C3_6cycloalkyl, phenyl, or benzyl (wherein the phenyl 

and benzyl are independently optionally substituted on the aromatic ring by 
one or two of (independently) fluoro, chloro, Ci^^kyU Cifluoroalkyl, 
Ci_ 2 alkoxy or Cifluoroalkoxy); 

-(CH 2 ) n 13 -C(0)-R 13a wherein n 13 is 0, 1 or 2; and wherein R 13 a 

is a hydrogen 

atom (H), Ci_6-alkyl, Ci_2fluoroalkyl, C3_6cycloalkyl, -CH2-C3_6cycloalkyl, 
benzyl, or phenyl; wherein the phenyl and benzyl are independently optionally 
substituted on the aromatic ring by one or two of (independently) fluoro, 
chloro, Ci_2alkyl, Cifluoroalkyl, Ci_2alkoxy or Cifluoroalkoxy, 

-(CH 2 ) n 14 -Hetl, -CH(Ci_ 2 alkyl)-Hetl, -OSfc^-Het 1 , or C3_5cycloalkyl 

substituted at the connecting carbon atom by Het 1 , wherein n 14 is 0, 1 or 2 
and wherein Het 1 is a 4-, 5-, 6- or 7-membered saturated heterocyclic ring; 

wherein said heterocyclic ring Het 1 contains one O or S ring atom and/or 
one NR 14 ring group wherein R 14 is H, Ci^alkyl, C3_6cycloalkyl, benzyl, 
phenyl, -C^R 1 ^ or -S(0)2R 19 ; 

wherein R 19 , independent of any other R 19 , is C^galkyl (e.g. Ci^alkyl 
or Ci_3alkyl), C3_6cycloalkyl, thienyl (e.g. 2~thienyl), furyl (furanyl, e.g. 
furan-2-yl), or phenyl or benzyl; wherein the phenyl and benzyl are 
independently optionally substituted by one or two of (independently) fluoro, 
methyl or methoxy; 

and wherein said heterocyclic ring Het 1 is optionally substituted (at a 

position or positions other than any NR 14 position) by one or two oxo (=0) 
and/or one C 1 _4alkyl substituents; 

provided that, when the heterocyclic ring Het 1 contains one O or S ring 
atom and one NR 14 ring group then: (a) the O/S ring atom and the NR 14 ring 
group are not directly bonded to each other, and (b) the O/S ring atom and the 
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nng group are separated by more than one carbon atom unless Het A 
contains an -NR. 14 C(0)-0- or -NRl4-C(0)-S- moiety as part of the ring; or 
-(CH2) n 10 -Ar, -CH(Ci_ 2 alkyl)-Ar, -CMe 2 -Ar, or C 3 . 5 cycloalkyl substituted at the 
connecting carbon atom by Ar, wherein n 10 is 0, 1 or 2 and 
5 (i) Ar is phenyl optionally substituted by one or two substituents 

independently being fluoro, chloro, bromo, Ci_2alkyl, Ci_2fluoroalkyl, 

Ci_2alkoxy, Ci_2fluoroalkoxy, OH, -NR lla R llb (wherein RH a j s fj or 
Ci_ 2 alkyl and RUb is H, C^alkyl, -C(0)-Ci_ 2 alkyl or-S(0)2-Ci_ 2 alkyl), 
cyano, -C^-NR 1 1 crI Id (wherein R* 1 c and R* Id independently are H or 
10 Ci_ 2 alkyl), -C(0)-ORl *e wherein R^e i s H or C^alkyl, or -S^-R 1 lf 

(wherein Rl If is Ci_ 2 alkyl, NH 2 , NHMe or NMe 2 ); or the phenyl Ar is 

optionally substituted at two adjacent Ar ring atoms by the two ends of a chain 
which is: -(CH 2 ) 4 -, -(CH 2 ) 3 -, or -CH=CH-CH=CH-; or 

(ii) Ar is an optionally substituted 5- or 6-membered heterocyclic aromatic 
1 5 rin S containing 1, 2, 3 or 4 heteroatoms (e.g. 1, 2 or 3 heteroatoms) selected 

from O, N or S; and wherein when the heterocyclic aromatic ring Ar contains 
2, 3 or 4 heteroatoms (e.g. 2 or 3 heteroatoms), one is selected from O, N and 
S and Ihe remaining heteroatom(s) are N; and wherein the heterocyclic 
aromatic ring Ar is optionally substituted by one or two groups independently 
20 bei ng Ci_ 4 alkyl (e.g. Ci_ 2 alkyl) or OH (including any keto tautomer of an 

OH-substituted aromatic ring), or the heterocyclic aromatic ring Ar is 
optionally substituted at two adjacent Ar ring atoms by the two ends of a chain 
which is: -(CH 2 ) 4 -, -(CH 2 )3-, or -CH=CH-CH=CH-; 

25 RX1 and R y 1 independently are ahydrogen atom (H), C^alkyl or Ci fluoroalkyl; 

RX3 and RX4 together are -(C^^-X^CH^IS- wherein n 15 and nl6 
independently are 1 or 2 and X 7 is a bond, -CH2-, O, or NRX 5 wherein R^5 { s jj, 
Ci_2alkyl, acetyl or -S(0)2Me; and 



) 



RZ is a hydrogen atom (H) or Ci^^kyU 



provided that: 

when R 3 is the heterocyclic group of sub-formula (bb), n 1 is 1, and Y is NR. 4 then R 4 is 
f not Ci_ 2 alkyl, Ci_ 2 fluoroalkyl or CH 2 C(0)NH 2 . 



Preferably, R 3a is a hydrogen atom (H) or methyl. 

It is particularly preferred that R 3a is a hydrogen atom (H). 
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In one optional embodiment of the invention, R 3 is optionally substituted branched 
5 C3_6alkyl, optionally substituted Cs.gcycloalkyl, optionally substituted phenyl, or an 
optionally substituted heterocyclic group of sub-formula (aa), (bb) or (cc)- 

. P » ,X?,„. - ,X> 

(aa) (bb) (cc) 

in which n 1 and n2 are 1 or 2; and Y is O, S, S0 2 , or NR 4 ; where R 4 is a hydrogen atom, 
Ci. 2 alkyl, C^fluoroalkyl, C(0)NH 2 , C(0)-Ci_ 2 alkyl, or C^-Cxfluoroalkyl; provided 
that Y is not NR 4 when the heterocyclic group is of sub-formula (aa). 

Alternatively or additionally, in one optional embodiment of the invention, in R 3 the 
branched (^.galkyl is optionally substituted with one or two substituents being oxo (=0), 
OH, Ci_ 2 alkoxy or C^ 2 fluoroalkoxy; and wherein any such substituent is not substituted 
at the R 3 carbon atom attached to the -NH- group of formula (I). 

Alternatively or additionally, in one optional embodiment of the invention, in R 3 the 
phenyl is optionally substituted with one substituent being fluoro, chloro, Cj.. 2 alkyi, Ci_ 
2 fluoroalkyl, Ci_ 2 alkoxy, Ci_ 2 fluoroalkoxy or cyano- 

Alternatively or additionally, in one optional embodiment of the invention, in R 3 the C3. 
gcycloalkyl or the heterocyclic group of sub-formula (aa), (bb) or (cc) is optionally 
substituted with one or two substituents being oxo (=0), OH, Ci_ 2 alkoxy, 
Ci_ 2 fluoroalkoxy, or Ci_ 2 alkyl; and wherein any OH, alkoxy or fluoroalkoxy substituent 
is not substituted at the R 3 ring carbon attached to the -NH- group of formula (I) and is 
not substituted at either R 3 ring carbon bonded to the Y group of the heterocyclic group 
(aa), (bb) or (cc). 

Alternatively or additionally, in one optional embodiment of the invention, Het is of sub- 
formula (i), (ii), (iii) or (iv): 




(i) (H) (iii) (iv) 
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wherein: 

Wl, W 2 and W 4 is N; and W 3 is NRW . 
Xl, X3 and X 4 is N or CR*; and X 2 is O, S or NRX ; 
Yl, Y 2 and Y 3 is CRY or N; and Y 4 is O, S or NR Y ; 
is O, S or NR Z ; and Z 2 Z 3 and Z 4 is N or CR Z - 

and wherein: 

R W is a hydrogen atom (H) or Ci_ 2 alkyl; and 
R z is a hydrogen atom (H) or Ci_2alkyl. 

Alternatively or additionally, in one optional embodiment of the invention, RX and RY 
independently are: 

a hydrogen atom (H); 
Ci_8alkyi; 

C3.6cycloalkyl; 

-(CH 2 )n 3 -S02-R 5 wherein n 3 is 1 or 2 andR* is Ci_ 3 alkyl or-MH-Ci_ 2 alkyl; 
-(CH 2 ) n 4 -NR 6 R'7 wherein n 4 is 0, 1 or 2, and R6 and R? independently are H, 

Ci_ 6 alkyl e.g. C^alkyl, -C(0)-C 1 _ 2 alkyl or -S0 2 -C 1 _ 2 alkyl; or R6 and R? 

together are -(CH^O^CH^- in which n 5 and n^ independently are 2 

or 3 and X^ is a bond, -CH 2 -, O, or NR§ wherein R§ is H or Ci_ 2 alkyl; 
'( CH 2)n 7 -0-R 9 wherein n 7 is 1 or 2 and R9 is H or Ci_6alkyl; 
-C(O)-NR10r1 1 wherein RlO and Rl 1 independently are H or Ci_ 6 alkyl; or RlO 

and Rl 1 together are ^CH^-X^CH^ 9 - in which n» and n 9 

independently are 2 or 3 and X 6 is a bond, -CH 2 -, O, or NR 12 wherein R 12 is 
H or Ci_ 2 alkyl; 

-C(0)-ORl 3 wherein R 13 is H or Ci_6alkyl; 

a 4-, 5-, 6- or 7-membered saturated heterocyclic ring containing one O ring atom o: 
one NRl 4 ring group wherein R* 4 is H or C 1 _ 4 alkyl, said heterocyclic ring 

being optionally substituted (at a position or positions other than any NR 14 
position) by one oxo (=0) and/or one Ci ^alkyl substituent; or 

-(CH2)n 10 -Ar wherein n 10 is 0, 1 or 2 and 

(i) Ar is phenyl optionally substituted by one or two substituents being fluoro, 
chloro, Ci_ 2 alkyl, Ci^fluoroalkyl, Ci_ 2 alkoxy, Cx^fluoroalkoxy or cyano;' 
or 

(ii) Ar is an optionally substituted 5- or 6-membered heterocyclic aromatic 
ring containing 1, 2 or 3 heteroatoms selected from O, N or S; and wherein 
when the heterocyclic aromatic ring Ar contains 2 or 3 heteroatoms, one is 
selected from O, N and S and the remaining heteroatom(s) are N; and wherein 
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the heterocyclic aromatic ring Ar is optionally substituted by one or two 
Cj^alkyl groups. 



Alternatively or additionally, in one optional embodiment of the invention, Het is of sub- 
formula (i), (ii), (iii), (iv) or (v): 




0) (ii) (iii) 0v) (v) 



wherein: 

W 1 , W 2 , W 4 and W 5 is N; and W 3 is NRW ; 

Xl , X3 and X* is N or CR*; X 2 is O, S or NR X ; and X$ is CRX1rX2 ; 
Yl, Y 2 and y3 is CRY orN; Y 4 is O, S orNRY ; and Y* is CRY1rY2 ; 
Z 1 andZ 5 is O, S orNR z ; andZ 2 Z 3 andZ 4 isNorCR z ;. 

and wherein: 

R w is a hydrogen atom (H) or Ci^alkyl; and 
R z is a hydrogen atom (H) or Ci_2alkyl. 

In one optional embodiment of the invention, RX rX2^ rY ^ rY2 independently are, 
or RX and rX independently are: 

a hydrogen atom (H); 

C^galkyl; 

C3_6cycloalkyl optionally substituted by a Ci_2 a &yl group; 
-(CH2) n 2a -C3.6cycloalkyl optionally substituted, in the -(CH2) n 2a - moiety or in 

the C3_6cycloalkyl moiety, by a Ci_2alkyl group, wherein n 2a is 1, 2 or 3; 
-(CH 2 ) n 3 -S02-R 5 wherein n 3 is 1 or 2 and R 5 is C^alkyl or -NHTC^alkyl or 

phenyl; 

(CH2) n 4 -NR 6 R 7 wherein n 4 is 0, 1, 2 or 3, and R6 and R? independently are H, 
Ci-6alkyl e.g. Ci^.alkyl, C3_$cycloalkyl, -CH 2 -C3_6cycloalkyl, 
-C(0)-Ci_2alkyl, -S02-Ci_2alkyl, phenyl, or benzyl (wherein the phenyl or 

benzyl are independently optionally substituted on the aromatic ring by one of 
fluoro, chloro, Ci_2alkyl, Cifluoroalkyl, C^alkoxy or Cifluoroalkoxy); or 

R 6 and R7 together are -(CH2) n 5 -X 5 -(CH2) n 6 - in which n 5 and n 6 

independently are 2 or 3 and X 5 is a bond, -CH 2 -, O, or NR 8 wherein R§ is H 
or Ci_2alkyl; 
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-(CH2) n 7 -0-R 9 ; wherein n 7 is 0, 1, 2 or 3 and R 9 is H or C^galkyl; wherein n 7 is 
0 only when the -(CH2)n 7 **°- R9 is bonded to a carbon atom in the Het ring; 

and wherein n 7 is not 0 when Het is of sub-formula (v) (i.e. n 7 is not 0 for 
RX2andforR Y2 ); 

~C(O)-NR 10 R n wherein R 10 and R 11 independently are H, Ci.galkyi, 

C3^6cycloalkyl 5 -CH2-C3.6cycloalkyl, phenyl, or benzyl (wherein the phenyl 

or benzyl are independently optionally substituted on the aromatic ring by one 
of fluoro, chloro, Ci_2alkyl» Cifluoroalkyl, Cj^alkoxy or Cifluoroalkoxy); . 

or RlO and Rl 1 together are KCH 2 ) I1 8 -X^(CH2) n 9 - in which n« and n 9 
independently are 2 or 3 and X 6 is a bond, -CH2-, O, or NR i2 wherein R 12 is 
H or Cj_2alkyl; 

-C(0)-ORl3 wherein Rl3 i s h, Chalky!, C 3 _6cycloalkyl, -CH 2 -C 3 ..6cycloalkyl, 

phenyl, or benzyl (wherein the phenyl or benzyl are independently optionally 
substituted on the aromatic ring by one of fluoro, chloro, C 1 _2alkyl, 
Cifluoroalkyl, Ci_2alkoxy or Cifluoroalkoxy); 
-C(0)-R 13a wherein R 13a is a hydrogen atom (H), C^aHcyl, Ci^fluoroalkyl, 

C3_6cycloalkyl, -CH2-C3_6cycloalkyl, benzyl, or phenyl; wherein the phenyl 

or benzyl are independently optionally substituted on the aromatic ring by one 
of fluoro, chloro, Ci^alkyl, Cifluoroalkyl, C^alkoxy or Cifluoroalkoxy; 

a 4-, 5-, 6- or 7-membered saturated heterocyclic ring containing one O ring atom or 
one NR 14 ring group wherein R 14 is H or Ci^alkyl, said heterocyclic ring 

being optionally substituted (at a position or positions other than any NR* 4 
position) by one oxo (=0) and/or one Ci^alkyl substituent; or 

-(CH 2 ) n 10 -Ar wherein n 10 is 0, 1 or 2 and 

(i) Ar is phenyl optionally substituted by one or two substituents being fluoro, 
chloro, Ci_2alkyl, Ci^fluoroalkyl, Ci^alkoxy, Ci_2fluorc>alkoxy or cyano; 

or 

(ii) Ar is an optionally substituted 5- or 6-membered heterocyclic aromatic 
ring containing 1, 2 or 3 heteroatoms selected from O, N or S; and wherein 
when the heterocyclic aromatic ring Ar contains 2 or 3 heteroatoms, one is 
selected from O, N and S and the remaining heteroatom(s) are N; and wherein 
the heterocyclic aromatic ring Ar is optionally substituted by one or two 
Ci_4alkyl groups; and 

RX1 and RY1 independently are a hydrogen atom (H), Ci^alkyl or Cifluoroalkyl. 



In compounds, for example in the compounds of formula (I), an "alkyl" group or 
moiety may be straight-chain or branched. Alkyl groups, for example Ci.galkyl or 
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Cj.galkyl or Ci_4alkyl or C^alkyl or C\j2?Sky\, which may be employed include 
C^galkyl or Ci^alkyl or Cj^alkyl or Ci_2alkyl such as methyl, ethyl, n-propyl, n- 

butyl, n-pentyl, or n-hexyl, or any branched isomers thereof such as isopropyl, t-butyl, 
sec-butyl, isobutyl, 3-methylbutan-2-yl, 2-ethylbutan-l-yl, or the like. 
5 A corresponding meaning is intended for "alkoxy", "alkylene", and like terms 

derived from alkyl. For example, "alkoxy" such as C^galkoxy or C^alkoxy or 

Ci_2alkoxy includes methoxy, ethoxy, propyloxy, and oxy derivatives of the alkyls listed 
above. "Alkylsulfonyl" such as Cj^alkylsulfonyl includes methylsulfonyl 

(methanesulfonyl), ethylsulfonyl, and others derived from the alkyls listed above. 
10 "Alkylsulfonyloxy" such as Ci_4alkylsulfonyloxy includes methanesulfonyloxy 

(methylsulfonyloxy), ethanesulfonyloxy, et aL 

"Cycloalkyl", for example C3_gcyclo alkyl, includes cyclopropyl, cyclobutyl, 

cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the like. Preferably, a 

C3-8 cycloalkyl group is C3_6cycloalkyl or Cs^gcycloalkyl, that is the cycloalkyl group 

1 5 contains a 3-6 membered or 5-6 membered carbocyclic ring respectively. 

"Fluoroalkyl" includes alkyl groups with one, two, three, four, five or more 
fluorine substituents, for example ^fluoroalkyl or Cj^fluoroalkyl or C]_2fl uoroa lkyl 

such as monofluoromethyl, difluoromethyl, trifluoromethyl, pentafluoroethyl, 2,2,2- 
trifluoroethyl (CF3CH2-), 2,2-difluoroethyl (CHF2-CH2-), or 2-fluoroethyl 
20 (CH2F-CH2-), etc. "Fluoroalkoxy" includes Cj^fluoroalkoxy or Ci_2fl uoroa lk° x y such 

as trifluoromethoxy, pentafluoroethoxy, monofluoromethoxy, difluoromethoxy, etc. 
"Fluoroalkylsulfonyl" such as Cj^fluoroalkylsulfonyl includes 

trifluoromethanesulfonyl, pentafluoroethylsulfonyl, etc. 

A halogen atom ("halo") present in compounds, for example in the compounds of 
25 formula (I), can be a fluorine, chlorine, bromine or iodine atom ("fluoro", "chloro", 
"bromo" or "iodo"). 

When the specification states that atom or moiety A is "bonded" or "attached" to 
atom or moiety B, it means that atom/moiety A is directly bonded to atom/moiety B 
usually by means of one or more covalent bonds, and excludes A being indirectly 
30 attached to B via one or more intermediate atoms/moieties (e.g. excludes A-C-B); unless 
it is clear from the context that another meaning is intended. 

By "carbon-linked-pyridinyl" is meant pyridin-2-yl, pyridin-3-yl, or pyridin-4-yl. 



35 Preferably, R* is Ci .3 alkyl, C] ^fluoroalkyl or -(CH2)20H; more preferably C^alkyl, 
C\Jifhioxod3iky\ or -(CH2)20H; still more preferably C2-3alkyl, C2fluoroalkyl or 

-(CH2)20H; and yet more preferably C2alkyl or C2fluoroalkyl. When R 1 is Cj^alkyl 
or C 1..3 fluoroalkyl, it can be straight-chained or branched. R* can for example be 
methyl, trifluoromethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, C2fluoroalkyl or 
40 -(CH2)20H; and more preferably R* is ethyl, n-propyl, C2fluoroalkyl (e.g. 

Cifluoroalkyl-CH2- such as CF3-CH2-) or -(CH 2 )20H. R 1 is most preferably ethyl. 
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Preferably, R 2 is a hydrogen atom (H) or methyl, more preferably a hydrogen atom (H). 

Where R 3 optionally substituted phenyl, preferably the phenyl is optionally substituted 
with one substituent being fluoro, chloro, C^aUcyl, Ci^Auoroalkyl, Ci_2 alkox y> 

C ^fluoroalkoxy or cyano. Where R 3 is optionally substituted phenyl, the optional 
substituent can be at the 2-, 3- or 4-position of the phenyl ring, e.g. at the 4-position. For 
example, R 3 can be phenyl or fluorophenyl; in particular 4-fluorophenyl. 

R 3 is preferably optionally substituted branched C3_galkyl, optionally substituted 
C3_gcycloalkyl, or an optionally substituted heterocyclic group of sub-formula (aa), (bb) 
or (cc). R 3 is more preferably optionally substituted C3_gcycloalkyl, or an optionally 
substituted heterocyclic group of sub-formula (aa), (bb) or (cc). 

Preferably, in R 3 there is one substituent or no substituent. 

Where R 3 is optionally substituted branched C3_6alkyl, then preferably R 3 is optionally 
substituted branched C^alkyl and/or unsubstituted C3_6alkyl such as isopropyl, 

isobutyl, sec-butyl, t-butyl, 3-methylbutan-2-yl, or 2-ethylbutan-l-yl. Where R 3 is 
optionally substituted branched C3^alkyl, it is most preferably isobutyl, sec-butyl, 

t-butyl or 3-methylbutan-2-yl (for example (R)-3-methylbutan-2-yl or (S)-3-methylbutan- 
2-yl). 

In one optional embodiment, where R 3 is optionally substituted C3_gcycloalkyl, it is not 
optionally substituted Cscycloalkyl, i.e. not optionally substituted cyclopentyl. In this 
case, more preferably, R 3 is optionally substituted Cg-gcycloalkyl or optionally 
substituted Cg^cycloalkyl. 

Where R 3 is optionally substituted C3_gcycloalkyl, it is more preferably optionally 
substituted C5cycloalkyl (i.e. optionally substituted cyclohexyl); for example 
Cgcycloalkyl optionally substituted with one or two substituents independently being 
(e.g. being) oxo (=0), OH, C^alkoxy, Ci ^fluoroalkoxy (e.g. trifluoromethoxy), or 
Ci^alkyl, and wherein any OH, alkoxy or fluoroalkoxy substituent is not substituted at 
the R 3 ring carbon attached (bonded) to the -NH- group of formula (I). 

Where R 3 is optionally substituted C3_gcycloalkyl, the one or two optional substituents 
preferably comprise (e.g. is or independently are (e.g. is or are)) oxo (=0); OH; 
Cialkoxy; Ci fluoroalkoxy (e.g. trifluoromethoxy); NHR 21 wherein R 21 is a hydrogen 
atom (H) or C\j2 straight-chain alkyl; Ci^alkyl such as methyl; Cifluoroalkyl such as 
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-CH 2 F or -CHF 2 ; -CH 2 OH; -CH 2 NHR22 wherein R 22 is H; -C(0)OR 2 3 wherein R 2 3 is 
H or methyl; -C(0)NHR 24 wherein R 2 4 i s h or methyl; -C(0)R 2 5 wherein R 2 5 i s 
methyl; fluoro; hydroxyimino (=N-OH); or (Ci_ 2 alkoxy)imino (=N-OR 26 where R 2 6 i s 
Ci_ 2 alkyl); and wherein any OH, alkoxy, fluoroalkoxy or NHR21 substituent is not 
substituted at the R3 ring carbon attached (bonded) to the -NH- group of formula (I) and 
is not substituted at either R 3 ring carbon bonded to the Y group of the heterocyclic group 
(aa), (bb) or (cc). 

More preferably, where R3 is optionally substituted C3_gcycloalkyl, the one or two 
optional substituents comprise (e.g. is or independently are (e.g. is or are)) oxo (=0); OH; 
NHR21 wherein R 2i is a hydrogen atom (H); C^ 2 alkyl such as methyl; Cifluoroalkyl 
such as -CH 2 F or -CHF 2 ; -C(0)OR 2 3 wherein R 2 3 i s H or methyl; -C(0)NHR24 
wherein R 24 is H or methyl; fluoro; hydroxyimino (=N-OH); or (Ci_ 2 alkoxy)imino 
(=N-OR26 where R26 is Ci„ 2 allcyl). 

Still more preferably, where R3 is optionally substituted C3-gcycloalkyl, ^ e one or two 
optional substituents comprise (e.g. is or independently are (e.g. is or are)) oxo (=0); OH; 
NHR21 wherein R 2 1 is a hydrogen atom (H); methyl; -CH 2 F; -CHF 2 ; -C(0)OR 23 
wherein R23 is H; fluoro; hydroxyimino (=N-OH); or (Cx- 2 alkoxy)imino (=N-OR 2 6 
where R 2 6 i s Ci_ 2 alkyl). Yet more preferably, where R3 is optionally substituted 
C3_gcycloalkyl, the one or two optional substituents comprise (e.g. is or independently 
are (e.g. is or are)) oxo (=0); OH; methyl; fluoro; hydroxyimino (=N-OH); or 
(Ci- 2 alkoxy)imino (=N-OR 2 6 where R 2 6 is Ci_ 2 alkyl). 

Most preferably, where R3 is optionally substituted C3_8cycloalkyl, the one or two 
optional substituents comprise (e.g. is or independently are (e.g. is or are)) OH, oxo (=0) 
or hydroxyimino (=N-OH). For example, where R3 is optionally substituted 
C3_8cycloalkyl, the one or two optional substituents preferably comprise (e.g. is or are) 

OH and/or oxo (=0). 

Optionally, in R 3 , the C3_gcycloalkyl is unsubstituted. 

Where R 3 is optionally substituted C3_gcycloalkyl, e.g. optionally substituted 
C5_gcycloalkyl such as optionally substituted Cgcycloalkyl (optionally substituted 
cyclohexyl), the one or two optional substituents if present preferably comprise a 
substituent (for example is or are substituent(s)) at the 3-, 4- or 5- position(s) of the R 3 
cycloalkyl ring. (In this connection, the 1 -position of the R 3 cycloalkyl ring is deemed to 
be the connection point to the -NH- in formula (I)). 
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Where R 3 is optionally substituted C3_g cycloalkyl, any OH, alkoxy, fluoroalkoxy, 
-CH 2 OH, -CH 2 CH 2 OH, -CH2NHR22 -C(0)OR2 3 , -C(0)NHR24 -C(0)R25 or fl UO ro 
substituent (particularly any OH substituent) is more preferably at the 3-, 4- or 5-position, 
e.g. the 3- or 5-position, of the R 3 cycloalkyl (e.g. Cg-gcycloalkyl) ring. For example, 
any OH, alkoxy, fluoroalkoxy, -CH 2 OH, -CH 2 CH 2 OH, -CH 2 NHR 2 2, -C(0)OR 23 , 
~C(0)NHR 24 , -C(0)R25 or fluoro substituent (particularly any OH substituent) can be at 
the 3-position of a R 3 Cscycloalkyl (cyclopentyl) ring or at the 3-, 4- or 5- position, e.g. 
3- or 5-position, of a R 3 Cgcycloalkyl (cyclohexyl) ring. Qn this connection, and also 

below, the 1 -position of the R 3 cycloalkyl ring is deemed to be the connection point to 
the -NH- in formula (I)). 

Where R 3 is optionally substituted C3_gcycloalkyl, any NKR21 substituent is preferably 
at the 2-, 3-, 4- or 5- position, preferably the 2- or 3-position or more preferably the 

3- position, of the R 3 cycloalkyl (e.g. C6-gcycloalkyl e S- cyclohexyl) ring. 

Where R 3 is optionally substituted C3_gcycloalkyl, any alkyl or fluoroalkyl substituent is 
preferably at the 1-, 2-, 3-, 4- or 5-position, more preferably the 1~, 2-, 3- or 5-position, 
still more preferably the 1- or 3-position, of the R 3 cycloalkyl (e.g. Cg^gcycloalkyl e.g. 
cyclohexyl) ring. 

Where R 3 is optionally substituted C3_gcycloalkyl, any oxo (=0), hydroxyimino 
(=N-OH); or (Ci_4alkoxy)imino (=N-0R26) substituent is preferably at the 3- or 

4- position, preferably at the 4-position, of the R 3 cycloalkyl (e.g. Cg^gcycloalkyl e.g. 
cyclohexyl) ring. 

Where R 3 is optionally substituted C3_gcycloalkyl, R 3 is preferably cyclohexyl (i.e. 
unsubstituted) or cyclohexyl substituted by one oxo (=0), OH, NHR21, Ci_2 a lkyl> 
Ci_ 2 fluoroalkyl, -CH 2 OH, -C(0)OR 23 , -C(0)NHR 2 4 -C(0)R 2 5, fluoro, hydroxyimino 
(=N-OH) or (Ci»4alkoxy)imino (=N-OR 2 6) substituent, or cyclohexyl substituted by two 
fluoro substituents. More preferably, R 3 is cyclohexyl (i.e. unsubstituted), or cyclohexyl 
substituted by one oxo (=0), OH, NHR21, Ci_ 2 alkyl, Ci_ 2 fluoroalkyl, -C(0)OR 23 , 
fluoro, hydroxyimino (=N-OH) or (Ci^alkoxy)imino (=N-OR 26 ) substituent, or 
cyclohexyl substituted by two fluoro substituents. Still more preferably R 3 is cyclohexyl 
(i.e. unsubstituted) or cyclohexyl substituted by one oxo (=0), hydroxyimino (=N-OH), 
Ci_ 2 alkyl or OH substituent, for example R 3 can be cyclohexyl (i.e. unsubstituted) or 
cyclohexyl substituted by one oxo (=0) or OH substituent. The optional substituent can 
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be at the 3- or 4- position, e.g. 3-position, of the R 3 cyclohexyl ring; more preferably any 
OH substituent is preferably at the 3-position of the R 3 cyclohexyl ring, and/or any oxo 
(=0), hydroxyimino (=N-OH) or (Ci_4alkoxy)imino (==N-OR 26 ) substituent is preferably 
at the 4-position of the R 3 cyclohexyl ring. 

Where R 3 is optionally substituted C6cycloalkyl, R 3 can for example be 4-hydroxy- 

cyclohexyl (i.e. 4-hydroxycyclohexan-l-yl) or 3-oxo-cyclohexyl, but R 3 is more 
preferably cyclohexyl (i.e. unsubstituted), 3-hydroxy-cyclohexyl (i.e. 3- 
hydroxycyclohexan-l-yl), 4-oxo-cyclohexyl (i.e. 4-oxocyclohexan-l-yl), 4- 
(hydroxyimino)cyclohexyl (i.e. 4-(hydroxyimino)cyclohexan-l-yl), 
4^Ci_2^oxyimino)cyclohexyl, 1-methylcyclohexylor 3-methylcyclohexyl. In one 

embodiment, R 3 can optionally be cyclohexyl (i.e. unsubstituted) or 3-hydroxy- 
cyclohexyl or 4-oxo-cyclohexyl. Where R 3 is optionally substituted Cgcycloalkyl, R 3 is 
most preferably cyclohexyl (i.e. unsubstituted), 4-oxo-cyclohexyl (i.e. 4-oxocyclohexan- 
l-yl) or 4-(hydroxyimino)cyclohexyl (i.e. 4-(hydroxyimino)cyclohexan-l-yl). 

Where R 3 is optionally substituted Cscycloalkyl (optionally substituted cyclopentyl), R 3 
can for example be cyclopentyl (i.e. unsubstituted) or 3-hydroxy-cyclopentyl. 

Where R 3 is optionally substituted mono-unsatinrated-Cs ^cycloalkenyl, preferably it is 
optionally substituted mono-unsaturated-C5_6cycloalkenyl, more preferably optionally 
substituted mono-unsaturated-Cgcycloalkenyl (i.e. optionally substituted 
mono-unsaturated-cyclohexenyl = optionally substituted cyclohexenyl). Still more 
preferably, the R 3 cyclohexenyl is optionally substituted cyclohex-3-en-l-yl. 

Where R 3 is optionally substituted mono-xmsaturated-Cs^cycloalkenyl, preferably the 
R 3 cycloalkenyl is optionally substituted with one or two substituents independently 
being fluoro or methyl; preferably if there are two substituents then they are not both 
methyl. Preferably, the R 3 cycloalkenyl is optionally substituted with one substituent 
being fluoro or Ci_2alkyl (e.g. methyl); more preferably the R 3 cycloalkenyl is 

substituted with one fluoro substituent or is unsubstituted. For R 3 cycloalkenyl, the 
optional substituent(s) can be at the 1-, 2-, 3-, 4- or 5- position(s) of the cycloalkenyl ring. 

Where R 3 is the heterocyclic group of sub-formula (aa), (bb) or (cc), then Y is preferably 
O, S, SO2, NH or N-C(0)-Me (for example O, S, S0 2 or N-C(O)-Me), more preferably 

O, NH or N-C(0)-Me, still more preferably O or N-C(0)-Me, most preferably O. (When 
Y is NH or N-C(0)-Me, then R* is H or -C(O)-Me). 
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Preferably, R 4 is a hydrogen atom (H), Ci_ 2 alkyl, C(0)NH 2 , C(0)-Me or C(0)-CF 3 . 
Optionally, R 4 can be a hydrogen atom (H), Ci^alkyl, C(0)-Me or C(0)-CF 3 , more 
preferably H, C(0)-Me or C(0)-CF 3 , still more preferably H or C(0)-Me. 

Preferably, Y is not N-C(0)-Me when the heterocyclic group is of sub-formula (aa). 

Where R 3 is the heterocyclic group of sub-formula (aa), (bb) or (cc), then it is preferable 
that R 3 is the heterocyclic group of sub-formula (aa) or (bb). More preferably, in R 3 , the 
heterocyclic group is of sub-formula (bb). 

In sub-formula (bb), n 1 is preferably 1. In sub-formula (cc), n 2 is preferably 1 . That is, 
six-membered rings are preferred in the R 3 heterocyclic group. 

Preferably, in R 3 , the heterocyclic group of sub-formula (aa), (bb) or (cc) is 
unsubstituted. Chi this connection, where Y is NR 4 , R 4 is not classified as a substituent). 

In the R 3 heterocyclic group of sub-formula (aa), (bb) or (cc), the one or two optional 
substituents preferably comprise (e.g. is or independently are (e.g. is or are)): OH; oxo 
(=0); Cj^alkyl (e.g. methyl) or Ci^Auoroalkyl (e.g. Cjfluoroalkyl such as -CH2F or 

-CHF2). More preferably, in the R 3 heterocyclic group of sub-formula (aa), (bb) or (cc), 
the one or two optional substituents comprise (e.g. is or independently are ((e.g. is or 
are)) OH and/or oxo; most preferably the one or two optional substituents comprise (e.g. 
is or are) oxo (=0). In the R 3 heterocyclic group of sub-formula (aa), (bb) or (cc), any 
oxo (=0) substituents are preferably on a carbon atom bonded (adjacent) to X, and/or can 
be at the 2-, 3-, 4- or 5- position(s) of the R 3 heterocyclic ring. Qn this connection, the 1- 
position of the R 3 heterocyclic ring is deemed to be the connection point to the -NH- in 
formula (I)). Preferably, only Ci^alkyl, Cjfluoroalkyl, fluoro or oxo (=0) substitution 

or no substitution is allowed at each of the 2- and 6-positions of the R 3 heterocyclic ring. 

When R 3 is the heterocyclic group of sub-formula (aa) and Y is NR 4 , then preferably R 4 
is not C(0)-Me. More preferably, when R 3 is the heterocyclic group of sub-formula (aa) 
and Y is NR 4 then R 4 is preferably not C(0)R, i.e. or e.g. R 4 is preferably not 
C(0)NH 2 > C(0)-Ci_ 2 alkyl or C(0)-Cifluoroalkyl. In one embodiment, Y is O, S, S0 2 

or NH when R 3 is the heterocyclic group of sub-formula (aa). 

When R 3 is the heterocyclic group of sub-formula (aa), preferably Y is not NR 4 . 

Optionally, according to one embodiment of the invention, NHR 3 or NR 3 R 3a is not 




. More preferably, when R 3 is the heterocyclic group of sub-formula (bb) 
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and Y is NR 4 , and optionally when n 1 is 1, then preferably R 4 is not methyl. More 
preferably, when R 3 is the heterocyclic group of sub-formula (bb) and Y is NR 4 and 
optionally when n 1 is 1, then R 4 is preferably not alkyl or substituted alkyl, i.e. or e.g. R 4 
is preferably not C^aUeyl, Ci_2fluoroalkyl or CH2C(0)NH2- In one embodiment, 

when R 3 is the heterocyclic group of sub-formula (bb), Y is preferably O, S, SO2 or 

NR 4 , wherein R 4 is H, C(0)NH2, C(0)-Ci_ 2 alkyl or C^-Cxfluoroalkyl or more 

preferably Y is H or C(0)-Me. More preferably, for sub-formula (bb), Y is O or NR 4 . 

Preferably, NHR 3 or NR 3 R 3a is of sub-formula (a), (al), (b), (c), (c 1), (c 2), (c 3), (c 4), 
(c 5), (d), (e), (f), (g), (gl), (g2), (g3), (g4), (h), (hi), (i), (j), (k), (kl), (L), (m), (ml), 
(m2), (m3), (m5), (n), (o), (ol), (o2), (o3), (o4), (o5), (p), (p2), (p3), (p5), (p6), (p7), (p8), 
(q),(r),(s),(t),(tl)or(t2): 
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In the sub-formulae (a) to (t2) etc above, the -NH- connection point of the NHR 3 or 
NR 3 R 3a group to the 4-position of the pyrazolopyridine of formula (I) is underlined. 
Generally, in this specification, for a group or radical, where NH orN are underlined, 
then this indicates the connection point. 

5 

Preferably, NHR 3 or NR 3 R 3a is of sub-formula (c), (c 1), (c 2), (c 3), (c 4), (c 5), (d), (e), 
(£), (gl), (g4), (h), (hi), (i), 0), (k), (kl), (L), (m), (ml), (m2), (m3), (m5), (n), (o), (ol), 
(o2), (o3), (o4), (o5), (p), (p2), (p3), (p5), (p6), (p7), (q), (r), (s), (t), (tl) or (t2). More 
preferably, NHR 3 or NR 3 R 3a is of sub-formula (c), (cl), (c 4), (c 5), (h), (i), (j), (k), 
10 (ml), (m2), (n), (o), (o2), (o3), (p2), (p5), (p6), (r), (s) or (tl). Still more preferably, 

NHR 3 or NR 3 R 3a is of sub-formula (c), (h), (k), (n), (o), (o2) or (s); for example (c), (h), 
(o), (o2) or (s). Most preferably, R 3 is tetrahydro-2H-pyran-4-yl; that is NHR 3 or 
NR 3 R 3a is most preferably of sub-formula (h), as shown above. 

15 in one embodiment of the invention, NHR 3 or NR 3 R 3a is of sub-formula (a), (b), (c), (d), 
(e), (f), (g), (h), (i), (j), (k), (L), (m), (n), (o), (p), (q), (r), (s) or (t). In this embodiment, 
NHR 3 or NR 3 R 3a is preferably of sub-formula (c), (h), (k), (n), (o), (r), (s) or (t), still 
more preferably (c), (h), (k), (n), (o) or (s). 

20 In another embodiment of the invention, NHR 3 or NR 3 R 3a is of sub-formula (a), (b), (c), 

(d), (e), (f), (g), (gl), (g2), (g3), (h), (i), (j), (k), (L), (m), (ml), (n), (o), (ol), (p), (q), (r), ■ /■ 
(s), (t), (tl) or (t2). In this embodiment, preferably, NHR 3 or NR 3 R 3a is of sub-formula 
(c), (d), (e), (f), (h), (gl), (i), (j), (k), (m), (ml), (n), (o), (ol), (p), (q), (r), (s), (t), (tl) or 
(t2). More preferably NHR 3 or NR 3 R 3a is of sub-formula (c), (h), (k), (n), (o), (r), (s), 

25 (t) or (tl), still more preferably (c), (h), (k), (n), (o), (s) or (tl). Most preferably, R 3 is 
tetrahydro-2H-pyran-4-yl; that is NHR 3 or NR 3 R 3a is most preferably of sub-formula 
(h), shown above. 

When NHR 3 or NR 3 R 3a is of sub-formula (n), then preferably it is a cis-(3- 
30 hydroxycyclohex-l-yl)amino group, eg in any enantiomeric form or mixture of forms but 
it can be racemic. 



Preferably, Het is of sub-formula (i), (ii), (iii) or (v); more preferably Het is of sub- 
35 formula (i), (ii), or (v); still more preferably Het is of sub-formula (i). 

Xl, X 3 and/or X 4 independently is/are often N (a nitrogen atom). 

Yl, Y 2 and/or Y 3 independently is/are often CRY. 

40 

Suitably, Z 1 and/or Z 5 independently is/are O or S. Preferably, Z 1 and/or Z 5 is O. 
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Preferably, Het is of sub-formula (ia), (ib), (ic), (id), (ie), (if) or (ig); more preferably of 
sub-formula (ia), (ib), (ic), (id), (if) or (ig) or of sub-formula (ia), (ib), (ic), (id), or (ie); 
still more preferably of sub-formula (ia), (ib), (ic), or (id); yet more preferably preferably 
of sub-formula (ia), (ic), or (id): 




(id) (ie) Of) 09) 



Alternatively, when Het is of sub-formula (v), Het can for example be of sub-formula 
(va) or (vb), more preferably of sub-formula (va): 




Alternatively, when Het is of sub-formula (ii), Het can for example be of sub-formula 
(iia): 

N — O 
V N 

v 

(iia) 

Preferably, Het is of sub-formula (ia), (ib), (ic), (id), (if), (ig), (va) or (iia). More 
preferably, Het is of sub-formula (ia), (ic), (id) or (va). 

For the Het group in general, R w and/or R z independently is/are suitably a hydrogen 
atom (H). 
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For the Het group in general, preferably, one of R x and R Y (or RX2 and R Y2 ) is as 
defined herein and the other of R x and R Y (or RX2 and R Y2 ) is a hydrogen atom (H) or 
Ci_2alkyl. More preferably, one of R x and R Y (or RX2 and R Y2 ) is as defined herein 
and the other of R x and R Y (or RX 2 and R Y2 ) is a hydrogen atom (H). 

Overall, for the Het group in general, it is preferred that one of R x and R Y , and for Het 
of sub-foimula (v) one of rX2 and R Y2 , is: 
Ci_8alkyl; 

optionally substituted C3_gcycloalkyl; 

-(CH2) n 3 -S(0) 2 -R 5 , -CH(Ci_ 2 alkyl)-S(0) 2 -R 5 , -CMe 2 -S(0) 2 -R 5 , or 

C3_5cycloalkyl substituted at the connecting carbon atom by -S(0) 2 -R5; 
preferably -(CH^-S^-R*; 

-(CH 2 ) n 4-NR6R7 } -CH(Ci_ 2 alkyl)-NR6R7, -CMe 2 -NR6 R 7 or C 3 _ 5 cycloalkyl 

substituted at the connecting carbon atom by -NR.6r7 ; preferably 
-(CH 2 ) n 4-NR6R7 or -CH(Me)-NR6R7 ; 

-(CH^l 1-C(O)-NR10r1 1, -CH^i^alkyO-C^-NRlORll, 

-CMe 2 -C(O)-NR 10 R 1 1, or C3_5cycloalkyl substituted at the connecting 
carbon atom by -C^NR 1 °Rl 1 ; preferably -(CH^l l-C(0)-NRl 0 Rl 1 ; 

-(CH 2 )nl4.Hetl, -CH(Ci_ 2 alkyl)-Hetl, -CMe 2 -Hetl, or C3_ 5 cycloalkyl substituted 
at the connecting carbon atom by Hetl; preferably -(CH^i^-Het 1 ; 

-(CH 2 )n 10 -Ar, -CH(Ci_ 2 alkyl)-Ar, -CMe 2 -Ar, or C 3 _ 5 cycloalkyl substituted at the 
connecting carbon atom by Ar; preferably -(CH 2 )ji 10 -Ar; 
(i) wherein Ar is optionally substituted phenyl, or more preferably (ii) wherein 
Ar is an optionally substituted 5- or 6-membered heterocyclic aromatic ring . 

Overall, for the Het group in general, it is more preferred that one of RX and R Y , and for 
Het of sub-formula (v) one of RX 2 and R Y2 , is: 

-(CH 2 ) n 4-NR 6 R7 -CH(Ci_ 2 alkyl)-NR6R7 -CMe 2 -NR<> R 7 or C 3 _ 5 cycloalkyl 

substituted at the connecting carbon atom by -NR6r7; preferably 
-(CH 2 ) n 4-NROR7 or -CH(Me>NR6R'7 ; 

-(CH 2 ) n ll_ C (O)-NRl0Rll, -CH(C 1 _ 2 alkyl)-C(O)-NRl0Rll, 

-CMe^C^-NRiOR 1 1, or C3_5cycloalkyl substituted at the connecting 
carbon atom by -C(O)-NR10rH; preferably -(CH 2 ) n ll-C(O)-NR.10Rl 1; 

-(CH 2 ) n 14-Hetl, -CH(Ci_ 2 alkyl)-Hetl, -CMe 2 -Hetl, or C 3 _ 5 cycloalkyl substituted 
at the connecting carbon atom by Het 1 ; preferably -(CH^n^-Het 1 ; or 
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-(CH2) n 10 -Ar, -CH(Ci.2alkyl)-Ar, -CMe2-Ar, or C3_5cycloalkyl substituted at ttie 

connecting carbon atom by Ar; preferably -(CH2) n 10 -Ar; 

(i) wherein Ar is optionally substituted phenyl, or or more preferably (ii) 
wherein Ar is an optionally substituted 5- or 6-membered heterocyclic 
aromatic ring. 

Optionally, one of R x and R Y can be: Cj^alkyl; C3_6cycloalkyl; -(CH2) n 3 -SC>2-R 5 ; 
-(CH2) n 4 -NR6R7 ; -(CH 2 ) n 7 -0-R9; ^XO^NR^R 11 ; -C(0)-OR 13 ; or the 4-, 5-, 6- or 
7-membered optionally substituted saturated heterocyclic ring Het* . More preferably, 
one of R x and R Y is: Ci.galkyl; -(CH2) n 3 -SC>2-R 5 ; or the 4-, 5-, 6- or 7-membered 
optionally substituted saturated heterocyclic ring Het^ . In these cases, as mentioned 
above, it is preferred that the other of R x and R Y is a hydrogen atom (H) or Cj^^yl- 

When R x RX 2 , R y and/or R Y2 is C^galkyl, then preferably it/they independently 
is/are C^aUcyl, e.g. C3_6alkyl and/or Ci^j.alkyl such as methyl, isopropyl, isobutyl or t- 
butyl. 

When R x , R^2, R Y and/or R Y2 j s optionally substituted C3.gcycloalkyl, then optionally 
it/they independently can be C3_6cycloalkyl optionally substituted by a Ci^alkyl group. 

When R x , R^ 2 , R Y and/or R Y2 is optionally substituted C3_(jcycloalkyl, then preferably 
it/they independently is/are C3_6cycloalkyl (i.e. unsubstituted), for example cyclopropyl 
or cyclobutyl. 

When R x , RX2, R y and/or R Y2 is optionally substituted ~(CH2)n 2a -C3_6cycloalkyl , 
then preferably it/they independently is/are -(CH2)a 2ab -C3^6cycloalkyl optionally 
substituted, in the -(CH2)n 2a - moiety or in the C3_6cycloalkyl moiety, by a Ci^^^Y^ 
group, wherein n 2a is 1, 2 or 3. 

When R x RX 2 , R y and/or R Y2 is optionally substituted -(CH2>n 2a -C3_.6cycloalkyl; 
then n 2a is preferably 1 or 2 or more preferably 1; and/or preferably R x , rX2, R y and/or 
R Y2 independently is/are optionally substituted -(CH2)n 2aw C5_gcycloalkyl or optionally 
substituted -(CH2) n 2a -C6cycloalkyl. When R x , RX2, R y and/or R Y2 is optionally 
substituted -(CH2) n 2aw "C3.6cycloalkyl, then preferably it/they independently is/are 
-(CH2) n 2a -C3_6cycloalkyl (i.e. not substituted). More preferably R x , RX2 ? R Y and/or 
R Y2 independently is/are (cyclohexyl)methyl-, that is -CH2-cyclohexyl.When R x RX2, 
R Y and/or R Y2 is -(CH2) n 3 -S(0) 2 -R 5 , -CH(Ci„ 2 alkyl>S(0)2-R 5 (e.g. 
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-CH(Me)-S(0)2-R 5 ), -CMe2-S(0)2-R 5 , or C3_5cycloalkyl substituted at the connecting 
carbon atom by -S(0)2~R 5 , then preferably it/they independently is/are 
-(CH 2 )n 3 -S(0) 2 -R 5 . 

When RX, R-^, R^ and/or RY2 i s C3_5cycloalkyl substituted at the connecting carbon 
atom by -S(0)2-R^, then preferably it/they independently is/are C3cycloalkyl 
(cyclopropyl) substituted at the connecting carbon atom by-S(0)2~R^, for example 



(see for example Example 178). 
10 When R x , R* 2 , R y and/or R Y2 is -(CH 2 ) n 3 -S(0) 2 -R 5 , then preferably n 3 is 1 . 

Preferably, R 5 is Ci^j.alkyl (e.g. Ci^alkyl), -NR 15 R^, or optionally substituted phenyl. 

R5 is more preferably Ci_3alkyl or -NH-Ci_ 2 alkyl or phenyl; still more preferably R^ is 

Ci_3alkyl or Ci_ 2 alkyl sucl1 as methyl. Most preferably, -(CH2)n 3 -S(0)2-R 5 is 
15 -CH 2 S0 2 Me. 

Preferably, R^ is H, Ci_4alkyl (e.g. Cj^alkyl), optionally substituted phenyl or 
optionally substituted benzyl; and/or preferably R^ ^ is H or methyl, e.g. H. 

20 When R 1 5 and R 1 6 together are -(CH 2 ) n 3a -X 3a -(CH 2 ) n 3b -, then: preferably n 3a and/or 
n 3b 

independently are 2; and/or preferably X^ a is a bond, -CH2-, O, or NR^ a wherein 
R^ a is Cx_2alkyl or acetyl; and/or preferably the ring formed by NR^RlG is not 
substituted on a ring carbon or is substituted on a ring carbon by one methyl or oxp (=0) 
substituent. 

25 

WhenRX rX2 rY and/or rY2 is -(CH 2 ) n 4 -NR 6 R 7 , -CH(C 1 _ 2 alkyl)-NR6R7 (e.g. 
-CH(Me)-NR 6 R 7 ), -CMe2-NR 6 R 7 , or C3_5cycloalkyl (e.g. C3cycloalkyl) substituted at 
the connecting carbon atom by -NR^R 7 , then preferably it/they independently is/are 
-(CH 2 )n 4 -NR 6 R 7 » -CH(C 1 _ 2 alkyl)-NR 6 R 7 (e.g. -CH(Me)-NR^R 7 ), or -CMe 2 -NR 6 R 7 ; 
30 more preferably it/they independently is/are -CH(Me)-NR^R 7 or still more preferably 
-(CH 2 ) n 4 -NR6R 7 

When RX rX2 } rY and/or RY2 is -(CH2) n 4 -NR 6 R 7 then preferably n 4 is 0 only when 
the -(CH2)n 4- NR^R 7 is bonded to a carbon atom in the Het ring. 

35 
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When R x , R* 2 , R Y and/or RY2 i s -(CH2)n 4 -NR 6 R 7 > then preferably n 4 is 0, 1 or 2; 
more preferably ri* is 0 or 1, still more preferably n 4 is 1. 

In one optional embodiment of the invention, and R 7 independently are H, C^galkyl 
e.g. C^alkyl, C3_6cycloalkyl, -CH2-C3_6cycloalkyl, -C(0)-Ci. 2 alkyl, -S02-Ci_2alkyl, 

phenyl, or benzyl (wherein the phenyl and benzyl are independently optionally 
substituted on the aromatic ring by one of fluoro, chloro, C\^2^kyh Cifluoroalkyl, 

Ci_2alkoxy or Cifluoroalkoxy); or R 6 and R 7 together are -(CH 2 ) n 5 -X 5 -(CH2) n 6 - in 

which n^ and n^ independently are 2 or 3 and is a bond, -CH2-, O, or NR 8 wherein 

R 8 is H or Ci^aJkyU and wherein the ring formed by NR^R 7 is not substituted on a ring 

carbon. 

In one optional embodiment of the invention, R^ and R 7 independently are H, Cj^galkyl 
e g. Ci^alkyl, -C(0)-Ci_2alkyl or -S02-Ci_2alkyl; or R 6 and R 7 together are 
-(CH2) n 5 -X 5 -(CH2) n 6 - in which n 5 and n 6 independently are 2 or 3 and X 5 is a bond, 
-CH2-, O, or NR 8 wherein R 8 is H or Ci^a&yl, and wherein the ring formed by NR 6 R 7 
is not substituted on a ring carbon. 

R 6 is preferably H or C^galkyL R 7 is preferably C^alkyl, -C(0)R 17 or -S(Q)2R 1 8 , 
for example Ci.galkyl. Where R^ and/or R 7 is Chalky!, then it/they independently 
is/are preferably Cx^alkyl e.g. methyl. 

Preferably, R 17 and R* 8 independently are Chalky! (e.g. Cj^alkyl or C\j2Qikyl or 
isopropyl or n-propyl), C3_6cycloalkyl, optionally substituted 5-membered heteroaryl 
being furyl (furanyl, e.g. 2-furyl) or thienyl (e.g. 2- or 3- thienyl) (the fiiryl or thienyl 
being independently optionally substituted by one oxo and/or one or two methyl), or 
phenyl or benzyl (wherein the phenyl and benzyl are independently optionally substituted 
on the aromatic ring by one or two substituents independently being fluoro, chloro, 
Ci_2 a N c yl> Cjfluoroalkyl, C^alkoxy or Cjfiuoroalkoxy). 

In an alternative preferable embodiment, R*> and R 7 together are -(CH2) n 5 -X 5 -(CH2)n*S 
in which case it is preferable that n^ is 2 and/or n^ is 2. Preferably, when R^ and R 7 
together are -(CH2) n 5 -X 5 -(CH2) n 6 - > and when the ring formed by NR 6 R 7 is substituted 
on a ring carbon by one or two substituents being oxo (=0), then the one or two oxo 
substituents are substituted on a ring carbon atom adjacent to (bonded to) the connecting 
nitrogen N of NR% 7 When R 6 and R 7 together are -(CH2) n 5 -X 5 -(CH 2 ) n 6 -> then 
preferably the ring formed by NR^R 7 is optionally substituted on a ring carbon by one or 
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two substituents independently being methyl or oxo (=0) only when is a bond or 
-CH 2 -. 

When R 6 and R 7 together are -(CH2) n 5 -X 5 -(CH2) n 6 - : . it is preferable that the ring 
5 formed by NR6r7 is not substituted on a ring carbon or is substituted on a ring carbon by 
one methyl or oxo (=0) substituent. 

Preferably, R 8 is Ci_2alkyl or phenyl. 

10 For example, -(CH^-NRSr 7 , -CH(Ci_ 2 alkyl)-NR 6 R 7 or -CMe 2 -NR 6 R 7 can be: 

-CH 2 -NHC(0)Rl 7 , -CH 2 -NMeC(0)Rl 7 , -CH(Me)-NHC(0)Rl 7 , -CH 2 -NHS(0) 2 Rl8, 
-CH 2 -NMeS(0) 2 R 18 , -CH(Me)-NHS(0) 2 R 18 , NMe 2 (n 4 = 0; R 6 - R 7 =Me), or 

/~\~y~ 

-CH 2 NMe 2 (n 4 =l;R 6 = R 7 =Me),or * ^ (n 4 = 1; R*> and R 7 together are 
-(CH 2 ) 2 -N(Me)-(CH 2 ) 2 -), or ^ , or ^ (n 4 = 1 ; R^ and R 7 




15 together are -(CH 2 ) 2 -0-(CH2)2-)» or , or "* , or ° , or 

/ — H 

When R x , R* 2 , R Y and/or R Y2 is -(CH^^-O-R 9 , then in one embodiment n 7 is 1, 2 or 
3 and/or R 9 is H, Ci_5alkyl or phenyl, or more preferably R 9 is H or Ci-galkyl. n 7 is 
preferably 1 or 2, more preferably 1. R 9 is preferably Ci_4alkyl such as methyl or t-butyl. 
20 For example, -(CH 2 ) n 7 -0-R 9 can be -CEk-O-tBu or -CH 2 -0"M e - 

When RX rX2 > r Y and/or RY2 i s -(CH^ 1 1 -C(0>NRl ( >R 11 , 
-CHCCi^alkyl^C^-NRlORll (e.g. -CH(Me)-C(O)-NR 10 R 11 ), 
-CMe 2 -C(O)-NR 10 R 1 1 > or C3_5cycloalkyl (e.g. C3cycloalkyl) substituted at the 
25 connecting carbon atom by -C(O)-NR10r1 * , then: preferably it/they independently is/are 
-(CH^nll-C^-NRlOR 11 , -CH^i^alkyO-C^-NRlOR 11 (e.g. 
-CH(Me)-C(O)-NR 10 R 1 or -CMe 2 -C(O)-NR 10 R 11 ; more preferably 
-(Cl^n 1 1 -C(O)-NR 10 R 1 h still more preferably -CH2-C(0)-NRiPR 1 1 or 
-C(O)-NR 10 R n . 

30 
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When RX RX2 ? r Y ^d/or R Y2 is -(CH^l 1-C(O)-NR10r1 1 , then nl 1 is preferably 0 
or 1, more preferably. 1 . 

Preferably R 10 is H or Ci_6alkyl (e.g. Ci_4a]kyl or Ci_2alkyl or methyl), or R 10 and 
5 Rl 1 together are -(CH2)n 8 -X 6 -(CH2)n 9 -- 

Preferably, R 10 and Rl * independently are, and more preferably 1 is: 
H; Cj^alkyl; Ci^^oroaXkyl; C2-3alkyl substituted by one OH or -OCi^alkyl other 
than at the connection point; C3_6cycloalkyl optionally substituted by one or two methyl 
10 groups; -CH2-C3_6 c y c l oa Ikyl optionally substituted by one NHMe group (preferably 
unsubstituted); -(CH2) n *^-Het 2 ; optionally substituted carbon-linked-pyridinyl, 

optionally substituted phenyl; optionally substituted benzyl; or optionally substituted 
-CH(Ci_ 2 alkyl)Ph. 

15 More, preferably, and R* * independently are, and still more preferably Rl 1 is: H; 
Cj.galkyl; C3_6cycloalkyl optionally substituted by one or two methyl groups; 

-CH2-C3_6cycloalkyl (unsubstituted); -(CH2)n* 7 -Het 2 ; optionally substituted carbon- 
linked-pyridinyl; optionally substituted phenyl, optionally substituted benzyl; or 
optionally substituted -CH(Ci_2aIkyl)Ph (e.g. optionally substituted -CH(Me)Ph). 

20 

Preferably, in R 10 and/or R 1 1 , the phenyl, the benzyl and the -CH(Ci_2alkyl)Ph (e.g. 

-CH(Me)Ph) are independently optionally substituted on the aromatic ring by one or two 
substituents independently being: fluoro, chloro, Ci^alkyl ( e -g- methyl), Cifluoroalkyl 
(e.g. CF3), Ci^alkoxy (e.g. methoxy), Cifluoroalkoxy (e.g. CF3O- or CHF2O-), 

25 -NR 10a R 10b (wherein R 10a is H ormethyl andRlOb is H, Ci_ 2 aikyl (e.g. methyl), 

-C(0)Me or -S(0) 2 Me), -C(O)-NR 10c R 10d (wherein R*Qc RlOd independently are 
H or Ci^alkyl, e.g. H or Me), or -S(O)2-R 10e (whereinR 10e is Ci^alkyl (e.g. methyl), 
NH 2? NHMe or NMe2). One substituent is preferred. 

30 In 0 and/or R* * , and/or (independently) in R^, and/or (independently) in Rl and/or 
(independently) in R^ and/or R 7 , and/or (independently) in R* 7 , and/or (independently) 
in R 18 : the carbon-linked-pyridinyl is preferably optionally substituted by one OH 
(including any keto tautomer thereof), and more preferably is not substituted. 

35 In R 10 and/or R 1 for -(CH2) n 17 -Het 2 , preferably n 17 is 0 or 1; and/or preferably Het 2 
is a 5- or 6- membered saturated optionally substituted heterocyclic ring containing one O 
or S (preferably O) ring atom or one NR 27 ring group. Preferably, R 27 is Cj^alkyl or 

-C(0)Me. Preferably, the Het 2 ring is substituted on a ring carbon by one or two 
substituents being methyl or is not substituted on a ring carbon. 



P33153 PCT 



-31- 



In one embodiment when R x , R* 2 , RY and/or R Y2 is -(CH2) n 1 1 -C(O)-NR 10 R 11 , 
-CHCCi^alkyD-C^-NRiORl 1 or -CMe 2 -C(O)-NRl0Rl 1, then optionally: R™ and 
Rl 1 independently are H or C^galkyl; or RiO and R* 1 together are 
5 -(CH2) n 8 -X 6 -(CH2) n 9 - in which n 8 and n 9 independently are 2 or 3 and X 6 is a bond, 
-CH2-, O, or NR.* 2 wherein R 12 is H or C\j2z\ky\ 9 and wherein the ring formed by 
NRIOrI 1 is not substituted on a ring carbon. 

Preferably is H and/or optionally R* 1 is Cj_6alkyl e.g. Cj^alkyl such as isopropyL 

10 For example, -(CH 2 )n 1 l C(O)-]SIR10r1 1 such as -C(O)-NR10r1 1 can-be . H 

la an alternative preferable embodiment, when R* 0 and R* 1 together are 
-(CH2) n 8 -X 6 -(CH2)n 9 -, then preferably n& is 2 and/or n 9 is 2. When R 10 and R 1 1 

together are -(CH 2 ) n 8 -X 6 -(CH2) n 9 -, which is a preferable feature of the invention, then 

15 preferably is a bond, -CH2-, O, orNR 12 wherein R 12 is H or C\ji?Sky\ 9 and wherein 

the ring formed by NR^R* 1 is not substituted on a ring carbon. 

When RlO and Rl 1 together are -(CH2) n 8 -X 6 -(CH2)n 9 -, it is preferable that the ring 
formed by NR^^R* 1 is not substituted on a ring carbon or is substituted on a ring carbon 
20 by one methyl or oxo (=0) substituent 

/ 
o 




NH 

Most preferably, NR 10 r! 1 is: NH2, NHMe, NMe2> NHEt, NEPPr, 

^<2( m ^ m . / ^ ■* ^ 

9 y 9 




25 
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. (In the above-illustrated most preferred groups, and generally in this 
specification for a group or radical, where NH or N are underlined, then this indicates the 
connection point.) 

Still more preferably, When R x , RX2, R Y and/or R Y2 is -(CH^n 1 1 -C(0)-NR 1 PR 11 , 
-CH(C 1 _ 2 alkyl)-C(O)-NRl0Rll, -CMe2-C(O)-NRl0Rl 1, or C 3 . 5 cycloalkyl substituted 
at the connecting carbon atom by -C^C^-NR 11 ^*. 1 then preferably it/they independently 
is/are -(CH^n 1 ^(CO-NR 1 ^ 1 1 (more preferably -CH 2 -C(0)-NR 1( >R 1 1 or 

-CCCO-NR^R 1 !) wherein NR 10 r! 1 is one of the above-illustrated most preferred 
NrIOrII 

groups. 

The -(CH^n 1 1 -C(O)-NR 10 R 1 1 group is preferably as defined in any of Examples 36, 
58, 84, 85-90, 95-96, 126-147 or 148-155. These Examples illustrate some of the above- 
illustrated preferred NRIOr* 1 groups, and some of these Examples give literature 
references and/or commercial sources for amines rIQr! ^NH, which may be used to 
prepare the compounds of Formula (I) containing the -((m2) n ^l-C(O)-NRl0Rl 1 group 
as R x , RX2, RY and/or R Y2 

When RX, rX2 r Y R Y2 ^ -(CH 2 )n 12 -C(0)-OR 13 , n* 2 is preferably 0 or 1, 

more preferably 1 . In one preferred embodiment when R x , RX2 > R y and/or R Y2 is 
-(CH 2 ) n 12 -C(0)-ORl3 , r13 is H or C^galkyl. WhenRl3 i s Ci_ 6 alkyl, then Rl3 is 

preferably Ci_4alkyl or Ci_3alkyl such as methyl (e.g. R x , R Y and/or RX2 can be 
-C0 2 Me) or ethyl. 

When RX rX2, rY and/or R Y2 is -(CH 2 ) n 13-C(0)-Rl3a, n 13 is preferably 0 or 1, 
more preferably 1 . When R x , RX2, R y and/or R Y 2 i s -(CH 2 ) n 13 -C(0)-R 13 a ) then 
suitably Rl3a £ s Ci_ 6 alkyl, Ci_ 2 fiuoroalkyl, C3_ 6 cycloalkyl, -CH 2 -C 3 _6cycloalkyl, 
benzyl, or phenyl (wherein the phenyl and benzyl are independently optionally 
substituted on the aromatic ring by one or two of (independently) (e.g. one of) fluoro, 
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chloro, Ci_2alkyl, Cifluoroalkyl, Cj^alkoxy or Cifluoroalkoxy); More preferably R 13a 
is C^galkyl or Cj^alkyl or Cj^alkyl. 

When RX rX2 r Y aid/or RY2 is -(CH 2 ) n 14 -Hetl, -CH(Ci_ 2 alkyl)-Hetl (e.g. 
5 -CH(Me)-Het 1 ), -CMe2-Het 1 , or C3_5cycloalkyl (e.g. C3cycloalkyl) substituted at the 
connecting carbon atom by Hetl, wherein is 0, 1 or 2, then: (a) n*4 i s preferably 0 or 
1, and/or (b) -(CH2) n 14 -Het 1 is more preferred than -CH(Me)-Hetl or -CMe2-Het 1 , or 
C3«5cycloalkyl substituted at the connecting carbon atom by Ar. 

10 When R* rX2 R Y ^d/or RY2 i s -(CH 2 ) n 14 -Het 1 , -CH(Ci. 2 alkyl)-Hetl (e.g. 

-CH(Me)-Het 1 ), -CMe2~Hetl, or C3_5cycloalkyl (e.g. C3cycloalkyl) substituted at the 
connecting carbon atom by Hetl, wherein n*4 i s 0, 1 or 2 and wherein Hetl is the 4-, 5-, 
6- or 7-membered optionally substituted saturated heterocyclic ring containing one O or S 
ring atom and/or one NR 14 ring group, then the optionally substituted saturated 

15 heterocyclic ring Het 1 is preferably 4-, 5- or 6-membered, more preferably preferably 5- 
or 6-membered. When Hetl j s 6-membered, then any O or S ring atom and/or any NR14 
ring group independently can be present at the 2-, 3- or 4- ring position, preferably at the 
4- ring position, with respect to the connecting ring-atom in Hetl When the optionally 
substituted saturated heterocyclic ring Hetl { s 4-membered, then preferably the 

20 heterocyclic ring Hetl { s no t optionally substituted by oxo (=0). 

When Rl4 and/or a or the optional ring substituent is Cj^alkyl, it is suitably Cj_2alkyl 
such as methyl. Preferably, R 14 is Ci^alkyl (e.g. Ci_ 2 alkyl), C(0)R 19 or S(0) 2 R 19 . 
Preferably, Rl9 is Cj^alkyl (e.g. methyl or isobutyl), C3_gcycloalkyl such as 
25 cyclopropyl or cyclohexyl, 2-thienyl, ftiran-2-yl, phenyl (unsubstituted), or benzyl 
(unsubstituted); more preferably Rl9 is Cj^alkyl (e.g. methyl or isobutyl). 

When R x , R* 2 , R y and/or R Y2 is -(CH2) n 14 -Het! and nl^is 0, and when the saturated 

heterocyclic ring Hetl i s optionally substituted (at a position other than any NRl4 
30 position) by Ci^alkyl, then preferably the optional C^aUcyl is substituted at the carbon 

atom directly attached to the 5-membered ring in sub-formula (i), (ii), (iii), (iv) or (v) of 
Het. 

The heterocyclic ring Hetl { s preferably optionally substituted (at a position or positions 
35 other than any NRl 4 position) by one oxo (=0) and/or one Ci^alkyl substituent; 
preferably by one oxo (=0) substituent. Any oxo (=0) substituent is preferably 
substituted on a ring carbon adjacent to (bonded to) any NRl 4 ring group present. 
Preferably, in Hetl, fh e one or oxo (=q) substituents are only present when there is a 
NR14 ring group present. 
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For example, when R x , R* 2 , RY and/or RY2 i s -(CH 2 )n 14 -Hetl, -CH(C 1 _ 2 alkyl)-Het 1 , 
or -CMe2-Hetl, the 4-, 5-, 6- or 7-membered optionally substituted saturated heterocyclic 
ring Hetl can preferably be: tetrahydro-2#-pyranyl such as tetrahydro-2.ff-pyran-4-yl, 



Me £> - 

^ ^K. Kr 

? > > » 9 

-of*. mCHH ''Hk 



tetrahydrofuran-2-yl, tetrahydrofuran-3-yl, 

P 



> f R»M O 



But y | , ° , or a positional isomer of any of the 

foregoing wherein the connection point [which connects to the -(CH2)n^-> 
1 0 -CH(C 1 -2alkyl)- or -CHMe2- or connecting-C3_5cycloalkyl moiety or connects to the 
5-membered ring of sub-formula (i), (ii), (iii), (iv) or (v) in Het] is at a different ring 
carbon atom of Het 1. 

When R x , R* 2 , R y and/or R Y 2 i s -(CH 2 )n 10 -M -CH(Ci_ 2 alkyl)-Ar (e.g. 
15 -CH(Me)-Ar), -CMe2-Ar, or C3_5cycloalkyl (e.g. C3cycloalkyl) substituted at the 

connecting carbon atom by Ar, then preferably it/they independently is/are -(CH2) n ^-Ar 
or -CH(Me)-Ar, preferably -(CH2)n 10 -Ar such as -CH2-Ar. 

When R x , RX 2 , R y and/or R Y2 is -(CH2) n 10 -Ar then preferably n 10 is 0 or 1; more 
20 preferably n 10 is 1. 

When Ar is optionally substituted phenyl, preferably the phenyl is optionally substituted 
by one or two substituents (preferably one) independently being fluoro, chloro, bromo, 
Ci^alkyl Cifluoroalkyl, Ci^^ 0 ^ Cifluoroalkoxy, -NR lla R llb (wherein R lla is H 

25 or methyl and Rl lb is H, C^alkyl, -C(0)Me or -S(0) 2 Me), -QCO-NR 1 1c r! ld 

(wherein R 1 1 c and R 1 1 d independently are H or methyl), -C(0)-ORl 1 e wherein R 1 1 e is 
H, or -S(0)2-R 1 lf (wherein R 1 lf is methyl, NH2, NHMe or NMe2). When Ar is 
optionally substituted phenyl, more preferably -(CH2) n 10 -Ar can be as defined for R x 
RX2 R Y and/or RY2 ^ any of Examples 49-55, 83, 103, 107, 120-125, 179, 181-184, 

30 189 or 190. 
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When Ar is phenyl optionally substituted at two adjacent Ar ring atoms by the two ends 
of a chain which is: -(CH2)4-> -(CH2)3-, or -CH=CH-CH=CH-, then it can be for 

example naphthyl e.g. 1-naphthyl or 2-naphthyl. 

When Ar is the optionally substituted 5- or 6-membered heterocyclic aromatic ring 
containing 1, 2, 3 or 4 heteroatoms (e.g. 1, 2 or 3 heteroatoms) selected from O, N or S , 
then Ar can be optionally substituted: furyl, thienyl, pyrrolyl, 1,3-oxazolyl, 1,3-thiazolyl, 
imidazolyl, oxadiazolyl (e.g. 1,3,4- or 1,2,4- or 1,2,5- oxadiazolyl), thiadiazolyl (e.g. 
1,3,4- or 1,2,4-), pyridyl, triazolyl (e.g. 1,2,3- or 1,2,4- triazolyl), tetrazolyl, triazinyl, 
pyridazyl, pyrimidinyl, pyrazolyl, isothiazolyl (1,2-thiazolyl), or isoxazolyl (1,2- 
oxazolyl). When Ar is the optionally substituted 5- or 6-membered heterocyclic aromatic 
ring, the ring is preferably optionally substituted by one or two independent Ci^zdkyl 

groups or by one OH group (including any keto tautomer thereof); more preferably the 
ring is optionally substituted by one or two independent Ci_2 a &yl ( e -8- methyl) groups; 
and still more preferably there is/are one or no substituents. When Ar is the optionally 
substituted 5- or 6-membered heterocyclic aromatic ring, preferably it is 5-membered. 

When Ar is the 5- or 6-membered heterocyclic aromatic ring, more preferably 
-(CH2) n 10 -Ar can be as defined for R x , R*2, rY and/or R Y2 in any of Examples 71, 
79, 80, 97-100, 104-106, 108, 112-114, 117, 158 or 186. 

When the heterocyclic aromatic ring Ar is substituted at two adjacent Ar ring atoms by 
the two ends of a chain which is: -(CH2)4~> -(CH2)3-, or -CH=CH-CH=CH-, then e.g. Ar 

can be or , or -(CH 2 ) n 1 °-Ar can be 

(see for example Example 186). Preferably, in these cases -(CH2) n ^-Ar is -CH2-Ar. 

In R 5 , Rl5, r6 r 7 r17 r 18 ? r9 r13 ? R 13a and/or Rl9, independent of each other, 
the phenyl and/or benzyl is/are preferably independently optionally substituted by one 
substituent; or more preferably the phenyl and/or benzyl is/are not substituted. In 
and/or R 1 independent of each other, the phenyl, benzyl and/or -CH(Ci_2alkyl)Ph 
is/are preferably independently optionally substituted by one substituent; or more 
preferably the the phenyl, benzyl and/or -CH(Ci_2 a ^l)Pk is/are not substituted. In Ar, 
the phenyl and/or the heterocyclic aromatic ring is/are preferably independently 
optionally substituted by one substituent; or more preferably the phenyl and/or the 
heterocyclic aromatic ring is/are not substituted. In Het* and/or Het 2 , independent of 
each other, the saturated heterocyclic ring is/are preferably independently optionally 
substituted on a ring carbon by one substituent; or more preferably the saturated 
heterocyclic ring is/are not substituted on a ring carbon. 
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When Het is of sub-formula (v), then suitably R^ 2 and/or R Y2 independently is/are: a 
hydrogen atom (H), C^galkyl (e.g. Ci^alkyl such as methyl), C3_6cycloalkyl, 

-CCOVNRlOR 11 , -C(0)-OR 13 , or-(CH 2 )n 10 -Ar; more preferably H, Ci_ 6 alkyl, 
-C^-NRlOR 1 1, -C(0)-ORl3 5 or -(CH 2 )n 10 -Ar; still more preferably H, Ci_ 6 alkyl (e.g. 
Ci^alkyl such as methyl), -C^-NRiOR 11 , or -(CH2) n 10 -Ar. In this instance, i.e. 
when Het is of sub-formula (v), then Ar is preferably optionally substituted phenyl and/or 
n*0 is preferably 0 or L. 

Preferably, R X1 and/or R Y1 independently is/are a hydrogen atom (H) or Ci_ 2 alkyl, 
more preferably H or methyl, still more preferably H. 

Suitably, Y5 can be CH 2 or CMe 2 . More preferably, Y 5 is CH 2 , i.e. CR y *rY2 wherein 
rYI = rY2 = a hydrogen atom (H). 

X 5 can suitably be CHR* 2 or CMe 2 , for example CHMe, CH-C0 2 Me or CMe 2 . 

It is particularly preferred that the compound of formula (1) or the salt thereof is: 

N-Cyclopentyl-1 -ethyl-5-(5-methyl-l ,3,4-oxadiazol-2-yl)-lH-pyrazolo[3 ,4-b]pyridin-4-amine, 
N-Cyclopentyl-1 -ethyl-5- {5-[(methylsulfonyl)methyl]-l,3,4-oxadiazol-2-yl> -lH-pyrazolo[3 ,4- 
b]pyridin^amine, 

N-Cyclopentyl-l-ethyl-5-(5-isopropyl-^ 

N-tyclopentyl-l-e1hyl-5-(5-methyM^ . 
N-Cyclopentyl-1 -ethyl-5-{5-[(methylsulfonyl)methyl]-l,3,4-thiadiazol-2-yl} -lH-pyrazolo[3,4- 
b]pyridin-4-amine, 

N-<^clopentyl-l-e1hyl-5-(5-isopropyM^^ 

l-Ethyl-N-(4-fluorophenyl)-5-(3-methyl-l,2,4-oxadiazol-5-yl)-m 
amine, 

N-Cyclopentyl-5-( 1 ,3-dime^ 
amine, 

l-Ethyl-S^S-isopropyl-l^^-oxadiazol^-yty-N^^ 
b]pyridin-4-amine, 

N-Cyclohexyl-1 -ethyl-5-(5-isopropyl-l ,3,4-oxadiazol-2-yl)-lH-pyi^olo[3,4-b]pyridin-4-aTnine, 

l-Ethyl-N-isobutyl-5-(5-isopropyl-l,3,4-oxadiazo^ 

l-Ethyl-N-isobutyl-5-(5-methyl-l,3^ 

N-Cyclohexyl-l-ethyl-5-(5-me1hyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo[3,4-b]pyri 

1 -Ethyl -5 -(5 -methyl - 1 ,3,4-oxadiazol-2-yl)-N-tetrahyd 

b]pyridin-4-amine, 
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N-[(lR)-l,2-dimethylp^ 
b]pyridin-4-amine, 
N-[( 1 S)- 1 ,2-dimethy^ 
b]pyridin-4-amine, 
5 5-(5-Tert-butyl-l,3,4-oxadiazol-2^ 
b]pyridin-4-amine, 
5-(5-Tert-butyl-l,3,4K)xadia^ 

5-(5-Tert-butyl-l ,3 ,4-oxadiazol-2-yl)-N-cyclopentyl-l -ethyl- lH-pyrazolo[3,4-b]pyridin-4-ainine, 

5-(5-Tert-butyl-l,3,4-oxadiazol-^ 
10 5-(5-Tert-butyl-l,3,4-oxadiazol-2-yl)-N-[(lS)-l,2-dimethylp^ 

b]pyridin-4-anirne, 

5-(5-Tert-butyl-l,3Aoxadi^^ 

b]pyridin-4-ainine, 

l-Elhyl-5-{5-[(methylsirifony^^ 
15 pyrazol o [3 ,4-b]pyridin-4-amine, 

N-CyclohexyM-ethyl-5-{5^^ 

b]pyridin-4-amine, 

l-Ethyi-N-isobutyl-5-{5-[(me^^ 

b]pyridin-4-amine, 
20 N-[(lS)-l,2Kiimethylpropyl]-l-ethyl-5-{5-[(methylsulfon^ 

pyrazolo[3,4-b]pyridin-4-amine, 

N-[(lR)-l,2-dimethylpropyl]-l-ethyl-5-{5-[(methylsulfon^ 
pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-(3-methyl-l,2,4K>xadiazol-5-yl)-N-tetxahydro-2H-py^ 
2 5 b]pyridin-4-amine, 

l-Ethyl-5-[3-(methoxymethyl)-l^^ 
pyrazoloP^-blpyridin-^amine, . 

5- {3 -[(Dimethylamino)methyl]-l ,2,4-oxadiazol-5-yl} -1 -ethyl-N-tetrahydro-2H-pyran-4-yH H- 
pyrazolo[3,4-b]pyridin-4-aniine, 
30 l-Ethyl-5-[3^moipholin-4-y^^ 
pyrazolo[3,4-b]pyridin-4-amine, 

5-(5-Cyclopropyl-13,4-oxadiazol-2-yl)-l-ethyl-N-tetrahydro-2H-p3^ 

b]pyridin-4-amine, 

N-( 1 -Acetylpipieridm^-yl)- ^ 
35 4-amine, 

l-Ethyl-5-[5-(3-methyloxe1an-^^ 

pyrazolo[3,4-b]pyridin-4-anaine, 

l-Ethyl-5-{5-[(4-methylpipe^ 

yl-lH-pyrazoloP^-bJpyridin^-amine, 
40 5-[ 1 -Ethyl-4-(te1rahydro-2H-py 

1 ,3 > 4-oxadiazole-2-carboxamide, 

4-{5-[l-EthyM-(tetrahydro-ffl 

oxadiazol-2-yl} -1 -methylpyrrolidin-2-one, 
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1 -Efoyl-N-tetrahydro^^ 
pyrazolo[3,4-b]pyridin-4-amine, 

1 -Ethyl-5-[5-(morpholin-4-ylmethyl)- 1 ,3,4-oxadiazol-2-yl]-N-tetrahydro-2H-pyran-4-yl-lH- 

pyrazolop^^pyridin^-amine, 

5-[5-(Tert-butoxym^^ 

pyrazolo[3,4-b]pyridin-4-amine, or 

methyl 2-[l-ethyM<tetrahydro-2/^^ 

oxazole-4-carboxylate; 

or a salt thereof, e.g. a pharmaceutically acceptable salt thereof. 

Alternatively, the compound of formula (I) or the salt thereof can preferably be: 

Methyl 2-[l-ethyl-4-(tetrahy^ 
4,5-dihydro- 1 ,3-oxazole-4-carboxylate, 

1 -Ethyl-5-(4-methyl-4,5-dihydro-l ,3 -oxazol^y^-iN^^etrahydro^fl^pyran^-yl)- IH- 

pyrazolo[3,4-6]pyridin-4--amine, 

l-(n-Propyl)-5-(5-methyM,3^ 

pyrazolo[3,4-b]pyridin-4-amine, 

l-Etiiyl-5-[5-(te1xahydrof^^ 

lH-pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-[5-(dimethylamm^ 

pyrazolo[3,4-b]pyridin-4-ainine, 

1 -Ethyl-5-(5-methyl-l ,2,4-triazol-3-yl)-N-(tetr^^ 

b]pyridin-4-amine, 

N-(l-Acetylpiperidin-4-yl)-l-e^ 

b]pyridin-4-amine, or 

N-(l-Acetylpiperidin-4-y^ 

lH-pyrazolo[3,4-b]pyridin-4-amine; 

or a salt thereof, e.g. a pharmaceutically acceptable salt thereof. 

Alternatively, the compound of formula (I) or the salt thereof can preferably be: 

1 -Ethyl-5-[(4R)-4-phenyl^ 

lH-pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-[(4SM-phenyl-4,5-^ 

lH-pyrazolo[3,4-b]pyridin-4-amine, 

1 -Ethyl-5-[(4S)-4-(phenylme^ 

4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine, 

l-E1hyl-5-[(4R)-4-(pheny^ 

4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine, 
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l-Ethyl-5-[(4S,5R)-5-methyl-4-pte^ 
pyran-4-yl)- 1 H-pyrazolo [3 ,4-b]pyridin-4-amine, 

1- Ethyl-5-[(5R)-5-phenyl-4,5-(^ 
lH-pyra2olo[3,4-b]pyridia-4-amine, 

5 l-Ethyl-5-[(5S)-5-phenyl-4,5-dihydro^^ 
lH-pyrazolo[3,4-b]pyridin-4-amine, 
5-(4,4-Dimethyl-4,5-dihydro-l,3-ox^^ 
pyrazolo [3 ,4-b] pyridin-4-amine, 

2- [l -Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)- lH-pyrazolo[3 ,4-b]pyridin-5-yl] -1 ,3- 
10 oxazole-4-carboxylic acid, 

2-[ 1 -Ethyl-4-(tetrahydro-2H-p^ -N-( 1 - 

methylethyl)- 1 ,3 -oxazole-4-carboxamide, 

1 -Ethyl-5-[4-(4~morpholinylcarbonyl)- 1 ,3-oxazol-2-yl]-N-(tetrahydro-2H-pyran-4-yl)- 

lH-pyrazolo[3,4-b]pyridin-4-ambae, 
15 l-Ethyl-N-methyl-5-(5-me^ 

pyrazolo[3,4-b]pyridin-4-ainine, 

^a/tf-4-{[l-Ethyl-5-(5-me11iyl-l^^ 

yl]amino} cyclohexanol, 

l-Ethyl-5-(5-methyl-l,3,4-oxadiazo^^ 
20 pyrazolo[3,4-b]pyridin-4-amine, 

4- {[l-Ethyl-5-(5-methyl^ 
yl] amino} cyclohexanone, 
l-Ethyl-5-(5-methyl-l,3,4-oxadi^ 
pyrazolo[3,4-b]pyridin-4-amine, 

25 5-[5-(l , 1 -Dimethylethyl)-! ,3,4-oxadiazol-2-yl]-l-ethyl-6-methyl-N-(tetrahydro-2H- 
pyran-4-yl)- 1 H-pyrazolo [3 ,4-b]pyridin-4- amine, 
l-Ethyl-6-methyl-N-(tetr^ 

oxadiazol-2-yl]-lH-pyrazolo[3,4-b]pyridin-4-amine, 

5- (5-Cyclobuiyl-l,3,4-oxadiazol-2-yl)-l-ethyl-N-(tetrah 
3 0 pyrazolo [3 ,4-b]pyridin-4-amine, 

5- {5-[l-Ethyl~4-(tetrahydro-2H^^ ,3,4- 
oxadiazol-2-yl} -2-pyrrolidinone, 

N-( {5-[l -Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazo - 
l,3,4-oxadiazol-2-yl}methyl)acetamide, 
35 l-Ethyl-5-[5-(l-methyl-2-piperi^ 

yl)- 1 H-pyrazolo[3,4-b]pyridin-4-ainine, 

l-Ethyl-5-{5-[(4-methyl-l,2,5-oxa&^ 

(tetxahydro-2H-pyran-4-yl)-lH^ 

3-{5-[l-Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3 
40 oxadiazol-2-yl}cyclopentanone, 

l-Ethyl-5-[5-(tetrahydro-3-furanyl)-l,3,4-oxadiazol-2-yl] 
1 H-pyrazolo [3 ,4-b] pyridin-4- amine, 
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(4S)-4-{5-[l-Ethyl-4-(te1xahydro-2H-pyran-4-ylamino)-lH^ 
1 ,3 ,4-oxadiazol-2-yl} - 1 ,3-thiazolidin-2-one, 
5-[5-(2,2-Dimethylcyclopropyl)-l,3,4-oxadiazol-2-yl]-l-ethyl-N^ 
yl)- 1 H-pyrazolo [3 ,4-b]pyridin-4-amine, 
5 N-({5-[l-Ethyl-4-(tetrahydro^ ,4-b]pyridin-5-yl] - 

13»4-oxadiazol-2-yl}me1hyl)-N-methylacetaraide, 
l-Ethyl-N-(tetrahydro-2^ 

oxadiazol-2-yl] - 1 H-pyrazolo [3 ,4-b]pyridin-4-amine, 

l-Ethyl-5-[5-(l-methylcyclobuty^ 
1 0 lH-pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-[5-(3-me1hyl-5-isoxazoly^ 

yl)-lH-pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-[5-(l-methyl-lH-pyrazol-5-^^^ 

4-yl)- 1 H-pyrazolo [3 ,4-b]pyridin-4-amine, 
15 5-[5-(l-Acetyl-4-piperidinyl)-l,3,4-oxadi^ 

yl)- 1 H-pyrazolo [3 ,4-b]pyridin-4-amine, 

l-Ethyl-5- {3-[(4-methyl^ 

pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine, 
l-Ethyl-5-[3-(4-fluorophenyl)-l,2,4-ox^^ 
20 pyrazolo[3,4-b]pyridin-4~amine, or 

l-Ethyl-5-{3-[2-oxo-2-(l-pyrrohd^ 
pyran-4-yl)- 1 H-pyrazolo [3,4-b]pyridin-4-amine; 



or a salt thereof, e.g. a pharmaceutically acceptable salt thereof. For these compounds / 
25 salts, the structures of each, as a compound, are disclosed in Examples 49 to 84 . 
hereinafter. 

Alternatively, the compound of formula (I) or the salt thereof can preferably be: 




30 2-{5-[l-Ethyl-4-(tetrahy^ 

oxadiazol-3-yl} -JV-phenylacetamide, 

2-{5-[l-Ethyl-4-(tetrahydr^ -1 ,2,4- 

oxadiazol-3-yl} -N-( 1 -phenylethyl)acetamide, 

1- Ethyl-5-{3-[2-oxo-2-(l-piperidiny^ 
35 pyran-4-yl)-ljy-pyrazolo[3 5 4-6]py^ 

2- {5-[l-Ethyl-4-(tetrahydro-2i^^ 
oxadiazol-3-yl}-i\T-(phenylmethyl)acetamide, 
2-{5-[l-Ethyl-4-(tetrahydro-2^ 
oxadiazol-3-yl} -^V-dimethylacetamide, 

40 JV-Ethyl-2-{5-[l-ethyl-4-(tefr^ 

yl]-l ,2,4-oxadiazol-3-yl} acetamide, 

l-E1hyl~5-{3-[l-(4-morpholinyO^ 

yl)-l/7-pyrazolo[3,4-fe]pyridin-4-amine, 
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5-[3-(Cyclohexylmethyl)-l,2,4-oxadi^ 
l/f-pyra2olo[3,4-&]pyridin-4-aiiiine, 
l-Ethyl-5-{3-[2-oxo-2-(l-pipm^ 
pyran-4-yl)-l/f-pyrazolo[3,4-6]pyridin-4-amine, 
5 1 -ethyl-5- {3-[2-(4-methyl-l -piperazinyl)-2-oxoethyl]- 1 ,2,4-oxadiazol-5-yl} -iV- 
(tetrahydro-277-pyran-^ 
1-Ethyl-iVKtetrahyd^ 

oxadiazol-2-yl]-l^-pyrazolo[3,4-6]pyridin-4-amine, 

5- {5-[(2 > 4-Dimethyl-l,3-thiazol-5-yl)methyl]-l ,3,4-oxadiazol-2-yl} -l-ethyl-i\T- 
10 (tetrahydro-277-pyraa-4-y^ 

l-Ethyl-5-[5-(2-fiu:anylm^ 

pyrazolo[3,4-^]pyridin-4-amine, 

1 -Ethyl-5-[5-(3-isoxazolylme^ 

l^-pyrazolo[3,4-ft]pyridin-4-ainine, 
15 1 -ethyl-5-(5- {[4-(methyloxy)phenyl]metibtyl} - 1 ,3,4-oxadiazol-2-yl)-A^-(tetrahydro-2^ 

pyran-4-yl)-l^-pyrazolo[3,4-ft]pyridin-4-amine, 

l-Ethyl-iV-Ctelxa^^^ 

yl]-liy-pyrazolo[3,4-fe]pyridin-4-amine, 

l-Ethyl-5-[5-(5-isothiazolylm^ 
20 liy-pyrazoloP^^pyridin^amine, 

1- Ethyl-5-{5-[(3-methyl-5-iso^ 
pyran-4-yl)- 1 7/-pyrazolo [3 5 4-&]pyridin-4-amine, 

5-(5- {[4-(Dimethylamino)phenyl]methyl} -1 ,3,4-oxadiazol-2-yl)- 1 -ethyl~iV-(tetrahydro- 
2i/-pyran-4-yl)-l#-pyraz^ (1 : 1), 

25 l-Ethyl-5-{5-[(2-methyl-l,3-tfc^ 

2if-pyran-4-yl)- 177-pyrazolo[3 ,4-&]pyridin-4-amine, 

2- [l -( {5-[l -ethyl-4-(tetrahydro-2i/-pyran^ylamino)- li?-pyrazolo[3,4-&]pyridiii-5-yl] - 
1 ,3 ,4-oxadiazol-2-yl}methyl)cyclopen^ 

AK{5-[l-Ethyl-4-(tetra^ 
30 l,3,4-oxadiazol-2-yl}me1hyl)cyclopropanecarboxamide, 

l-Ethyl-5-{5-[(5-methyl-3-isoxazolyl)methyl]-13 > 4-oxadiazo 

pyran-4-yl)-l#-pyrazolo[3,4-^ 

l-Ethyl-5-{5-[(5-methyl-3-isoxa^ 

pyran-4~yl)-li7-pyrazolo[3,4-Z^ 
35 l-Ethyl-5-{5-[2-(4-methyM^ 

2i7-pyran-4-yl)-ljfy-pyr^ 

5-{5-[(3,5-Dime1hyl^ 

2iy-pyran-4-yl)-li7-pyrazoto^^ 

N-(l - {5-[ 1 -Ethyl-4-(tetrahydro-2^pyran-4-ylamino)- ljH r -pyrazolo[3,4-6]pyridin-5-yl] - 
40 l,3,4-oxadiazol-2-yl} ethyl)acetamide, 
5-{5-[(l-acetyl-4-piperidinyl)me^ 
pyran-4-yl)-lif-pyrazolo[3,4-6]pyridin-4-ainine 7 
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l-Ethyl-5- {5~[(4-methy^ 
yl)-li7-pyrazolo[3,4-fe]pyridin-4-ainine, 

1- EthyU5-[5-(4-methylph^ 
pyrazolo[3,4-&]pyridin-4-amine, 

5 5-[5-(3,4-Dimethylphm^ 

l^pyrazolo[3,4-&]pyridin-4-amine, 
5-[5-(2,4-Dimethylpheny^ 
li7-pyrazolo[3 ,4-&]pyridin-4-amine, 
5-{5-[(4-Bromophenyl)methy^ 
1 0 yl)-li7-pyrazolo[3,4-&]pyridin-4-amine, 

2- [l-Ethyl-4-(tetrahycfo^ 
(phenylmethyl)-l,3-oxazole-4-carboxamide, 
2-[l-Ethyl-4-(tetrahy^ 

(methyloxy)phenyl]methyl} - 1 ^-oxazole^-carboxamide, 
15 2-[l-Ethyl-4-(tetrahy^ 

methylphenyl)methyl]-l ,3-oxazole-4-carboxamide > 

2-[l-Ethyl-4-(tetrahydro^ . 
methylphenyl)methyl]-13^xazole-4-carboxaiiiide, 
2-[l-Ethyl-4-(tetxahydro-2H^ 
20 metbylphenyl)methyl]-l,3-oxazole-4-carboxamide, 
N-[(4-<^orophenyl)m^ 

pyrazolotS^bjpyridin-S-yll-l^-oxazole^-carboxainide^ 
N-[(2,3-Dimethylpheayl)methyl]-2-[l-ethyl-4-(tetrah 
pyrazolo[3,4-b]pyridin-5-yl]-l ,3-oxazole-4-carboxamide, 
25 N-[(3,5-Dimethylpheny^ 

pyrazolo[3,4-b]pyridin-5-yl]-l,3-oxa2ole-4-carboxamide, 
N-[(3,4-Dimethylphenyl)methyl]-2-[l-etiiyl-4-(tet^ 
pyrazolo[3 ,4-b]pyridin-5-yl]- 1 ,3-oxazole-4-carboxamide, 

2-[ 1 -Ethyl-4-(tetrahydxo-2H-pyran-4-ylamiBo)- 1 H-pyrazolo[3 ,4-b]pyridin-5-yl] -N-( 1 - 
30 phenylethy^-l^-oxazole^carboxamide, 
2-[l-Ethyl-4-(tetrahydro^ 

144-(methyloxy)phenyl]ethyl}-l,3-oxazole-4-carboxamide, 
2-[l-Ethyl-4-(teti^ydro-2H-py^^ 
1 -phenylpropyl] - 1 ,3-oxazole-4-carboxamide, 
35 2-[l-Ethyl-4-(tetrahydro-^ 

methylphenyl)- 1 ,3-oxazole-4-carboxamide, 

2-[l-Ethyl-4-(tetrahydro-^^ 

[(methylsulfonyl)amin^^ 

2-[l-Ethyl-4-(tetrahyd {[4- 
40 (metiiylsulfonyl)phenyl]methyl}-l,3-oxazole-4-carboxaim 
N-(l-Acetyl-4-piperidinyl)-2-^^ 

pyrazolo[3,4-b]pyridin--5-yl]-l,3-oxazole-4-carboxamide > 
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2-[ 1 -Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)- lH-pyrazolo[3,4-b]pyridin-5-yl]-N- 
(tetrahydro-2H-pyran-4'-yl)--l,3-oxazole-4-carboxamide, 

2-[ 1 -Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)- 1 H-pyrazolo [3 ,4-b]pyridin-5 -yl] -N- 
(tetrahydro -2-fur anylmethyl)- 1 3-oxazole-4-carboxamide, 
5 2-[l-Ethyl-4-(tetrah^^ 

methyl- 1 -piperazinyl)ethyl] -1 ,3-oxazole-4-carboxamide, 

N-[ 1 -(Aminomethyl)cyclohexyl]-2-[ 1 -ethyl-4-(te1xahydro-2H-pyraii-4-ylamino)- 1 H- 
pyrazolo[3 ,4-b]pyridin-5-yl] -N-methyl- 1 ,3 -oxazole-4-carboxamide, 
N-(2,6-Dimethylphenyl)-2-[l-e&^ 
1 0 b]pyridin-5-yl]- 1 ,3-oxazole-4-carboxamide, 
N-{[4-(Aminocarbonyl)phenyl]m 

lH-pyrazolo[3,4-b]pyridin-5-yl]-13-oxazole-4-caiboxamide, 
2-{5-[l-Ethyl-4-(tetrahy<to^ 

oxadiazol-3-yl}-iV L (tetrahydro-2jff-pyran-4-yl)acetaiiiide, 
15 5- {3-[2-(2,6-Dimethyl-4-morpholinyl)-2-oxoethyl]-l ,2,4-oxadiazol-5-yl} -1 -ethyl-iV- 
(tetrahydro-2i7-pyran-4-yl)- ljff-pyrazolo[3,4-6]pyridin-4-aiiiine, 

1- Ethyl-5- {3-[2-(4-methyl-l^^ 
(tetxahydro-2iy-pyran-4~yl)-li^ 

2- {5-[l -Ethyl-4-(tetrahydro-2iy-pyran-4-ylamino)-lZf-p 

20 oxadiazol-3-yl}-iV'-[l-methyl-2-(methyloxy)ethyl]acetamide, 

5- {3-[2-(3,5-Dimetltyl-l-pi^ 
(tetrahydro-2Zf-pyran-4-yl)-l^^ 

l-Ethyl-5-{3-[2-(3-methyl-l-piperidinyl)-2-oxoethyl]-l,2,4-oxadi 
(tetrahydro-2#-pyran-^^ 
25 2-{5-[l-Ethyl-4-(te1xahy^ 

oxadiazol-3-yl}-i\T-3-pyridinylacetemide, 

6- {5-[l-Ethyl-4-(tetrahydro-2^^^ 
oxadiazol-2-yl} -2-piperidinone, 
l-Ethyl-5-{5-[(3-methyl-127^ 

3 0 (tetrahydro-2iJ-pyran-4-yl)-lfl r --pyrazolo[3 ,4-6]pyridin-4-amine, 

N-( {5-[ 1 -Ethyl-4-(tetrahydro-27f-pyran-4-ylamino)- li7-pyrazolo [3 ,4-Z>]pyridin-5-yl] - 

1 ^^-oxadiazoKJ-yl} methyl)acetaroide, 

AH{5-[l-Ethyl-4-(tetxah^^ 

1 ,2,4-oxadiazol-3 -yl} methyl)benzamide, 
35 N-( {5-[ 1 -Ethyl-4-(tetrahydro-2/T-pyran-4-ylainino)- l^-pyrazolo[3,4-&]pyridin-5-yl] - 

1 ,2,4-oxadiazol-3-yl} methyl)-2-phenylacetamide, 

j\r-({5-[l-Ethyl-4-(tetr^ 

l,2,4-oxadiazol--3-yl}methyl)-2-methylpropanamide, 

N-( {5-[ 1 -Ethyl-4-(tetrahydro-2ff-pyran-4-ylamino)- liZ-pyrazolo [3,4-ft]pyridin-5-yl] - 
40 1 ^^-oxadiazol-S-yllmethyO-S-methylbutananiide, 
N-({5-[l-Ethyl-4-(tetr^ 

l,2,4-oxadiazol-3-yl}methyl)cyclohexanecarboxamide, 
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{5- [ 1 -Ethyl-4-(tetrahydxo-2^pyran-4-.ylamino)- 1/7-pyrazolo [3 ,4-&]pyridin-5-yl] - 
l,2,4-oxadiazol-3-yl}methyl)-2-furancarboxamide, 

N-( {5-[ 1 -Ethyl-4-(tetrahydro-2i7-pyran--4-ylamino)- 1/7-pyrazolo [3 , 4-6]pyridin-5 -yl] - 
l,2,4-oxadiazol-3-yl}methyl)methanesulfonarnide, 
5 iVK{5-[l-Ethyl-4-(tefr^^ 

1 ,2 ,4-oxadiazol-3 -yl} methyl)b enzenesulfonamide, 

N-( {5-[l -Ethyl-4-(tetrahydro-2#-p ,4-&]pyridin-5-yl] - 

l,2,4-oxadiazol-3-yl}methyl)-l-phenylmethanesxdfonamide, 
N-({5-[l-Ethyl-4-(tetrahy^ 
10 1 ^^-oxadiazol-S-y^methy^^-propanesulfonamide, 

iV-({5-[l -Ethyl-4-(tetrahydro-277-pyran-4-ylainino)- li7-pyrazolo[3 5 4-6]pyridin-5-yl]- 
1 ,2,4-oxadiazol-3-yl} methyl)- 1 -propanesulfonamide, 

N-( {5-[ l-Ethyl-4-(tetrahydro-2^ ,4-6]pyridin-5-yl] - 

l,2,4-oxadiazol-3-yl}methyl)cyclopropaaesulfonamide, 
15 N-({5-[l-Etliyl-4-(tetrahy^ 

l^^-oxadiazol-S-y^methy^^-thiophenesulfonamide, 

1 -( {5-[ 1 -Ethyl-4-(tetrahydro-2/^pyran-4-ylamino)- liy-pyrazolo[3,4-6]pyridin-5-yl] - 
l,2,4-oxadiazol-3-yl}methyl)-2-pyrrolidinone, 

1 -( {5-[l -Ethyl-4-(tetrahydro-2^-pyran-4-ylamino)-l jy-pyrazolo[3,4-6]pyridin-5-yl] - 
20 l,2,4-oxadiazol-3-yl}methyl)-2-piperidinone, 

5-{3-[(l-Acetyl-4-piperid^ 

pyran-4-yl)-l^-pyrazolo[3,4-6]pyridiB-4-arnine, 

l-Ethyl-5-(3-{[l-(3-metl^ 

(tetrahydro-2if-pyra^ 
25 l-Ethyl-5-(3-{[l-(methylsulfonyl)-4-piperidin 

(tetrahydro-2/f-pyran-^ 

l-Ethyl-5-{3-[l-(]phenylsulfonyl)cyclopropyl]-l,2,4-oxadiazol-5-y^ 

pyran-4-yl)- 1 iif-pyrazo lo [3 ,4-6]pyridin-4-amine 7 

l-Ethyl-5-[3-(phenylmet^ 
30 pyrazolo[3,4-Z>]pyridin-4-amine, 

l-Ethyl-5-[3-(l-phenylethy^^ 

pyrazolo[3,4-6]pyridin-4-aiiune, 

l-Ethyl-5-(3-{[4-(methyloxy)^^^ 

pyran-4-yl)-ljy-pyrazolo[3,4-6]pyridin^-amine^ 
35 5-(3-{[4-(Dimethylamino)ph^^ 

2i7-pyran-4-yl)-l//-pyrazoloP^ 

5-(3-{[3-(Dimethylamino)ph^ 

2uf/-pyran-4-yl)- li7-pyrazolo [3 9 4-&]pyridin~4-amine a 

5 -(3-{[4-(Dimethylamino)phenyl]methyl}-l,2,4-oxacK 
40 2#-pyran-4-yl)- liy-pyrazolo[3,4-6]pyridin-4-amine, 

1 -Ethyl-5- {3-[(phenyloxy)methyl]-l ^,4-oxadiazol-5-yl} -iV-(tetrahydro-2ff-pyran-4-yl)- 

liy-pyrazolo[3,4-ft]pyridin-4-amine, 
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1 -ethyl-iV"-(tetrahydro-2^pyran-4-yl)-5-[3-(5,6 ,7,8-tetrahydro[l ,2,4]tr^ 

a]pyridin-3-ylme1±yl)-l,2,4-oxa& 

l-Ethyl-5-{3-[(4-phenyl-l-piperaziny 

pyran-4-yl)-l/f-pyrazolo[3,4-6]pyridin-4-amine, 

l-Ethyl-5-(5-ethyl-l,2,4-oxadiazol-3-y^ 

&]pyridin-4-amine, 

5 -(5-{[4-(Dime1iiylamino)phenyl]methyl}-l,2 9 4-oxadi 
2i/-pyran~4-yl) - 177-pyrazolo [3 ,4-6]pyridin-4-amine, 

1 -Ethyl-5-(5- {[4-(methyloxy)phenyl]methyl> -1 ,2,4-oxadiazol-3-yl)-iV-(tetrahydro-2 J H'- 
pyran-4-yl)-l^-pyrazolo[3,4-6]pyridin-4-amine, or 

5-(3,8-Dioxa- 1 -azaspiro[4. 5]dec- 1 -en-2-yl)-l -e1hyl-i^-(tetrahydro-2JY-pyran-4-yl)- IH- 
pyrazolo[3,4-&]pyridin-4-amine; 

or a salt thereof, e.g. a pharmaceutically acceptable salt thereof. The structures of each of 
the above-listed compounds are disclosed in Examples 85 to 191 hereinafter. 

Preferably, the compound of formula (T) or the salt thereof is: 

l-Ethyl-5-(5-methyl-l,3,4-oxadiazol-2-^^^ 
pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 14), 
5-(5-Tert-butyl-l^,4-oxadia^ 

pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 17), 

1 -Ethyl-5- {5-[(methylsulfonyl)methyl]- 1 ,3,4-oxadiazol-2-yl} -N-(tetrahydro-2H-pyran-4- 

yl)-lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 23), 

1 -Ethyl-5- [5-(3 -methyloxetan-3-yl)- 1 ,3 ,4-oxadiazol-2~yl]-N-(tetrahydro-2H-pyr an-4-yl)- 

lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 34), 

1 -Ethyl-5- {5-[(4-me1^ 

pyran-4-^yl)-lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 35), 

1- Ethyl-N-(tetrahydro-2H-pyran-4-yl)-5-[5-(tetrahy^ 

2- yl]-lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 38), 
also named: l-Ethyl-5-[5-(morpholin-4^ 

2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 39), 
1 -Ethyl-5-[5-(tetrahydr^ 

lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 44), 

1 -Ethyl-N-(tetrahydro-2H-p 1 ^ 9 4- 

oxa(hazol-2-yl]-lH-pyrazolo[3,4-b]pyridin-4-aixiine (the compound of Example 77), or 

l-Ethyl-5-{3-[2-oxo-2-(l-pyr^ 

pyran-4-yl)-lH-pyra2olo[3,4-b]pyridin-4-amine (the compound of Example 84); 



or a salt thereof 
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A second aspect of the present invention provides a compound of formula (IA) or a salt 
thereof (in particular, a pharmaceuticaUy acceptable salt thereof): 




R 1 



wherein: 

R 1 is Ci_4alkyl, Ci_3fluoroalkyl or -(CH^OH; 
R2 is a hydrogen atom (H), methyl or Cjfluoroalkyl; 

R 3 is optionally substituted branched C3_6alkyl, optionally substituted C3_gcycloalkyl, 

optionally substituted phenyl, or an optionally substituted heterocyclic group of sub- 
formula (aa), (bb) or (cc): 




(aa) <bb) (cc) 

in which n 1 and n 2 independently are 1 or 2; and Y is O, S, S0 2 , or NR 4 ; where R 4 is a 
hydrogen atom (H), Ci_ 2 alkyl, Ci_ 2 fluoroalkyl, CH 2 C(0)NH 2 , C(0)NH 2 , 
C(0)-Ci_ 2 alkyl, or C(0)-Cifluoroalkyl; 

wherein in R 3 the optionally substituted branched C3_galkyl is optionally substituted with 
one or two substituents being oxo (=0), OH, Ci_ 2 alkoxy or Ci_ 2 fluoroalkoxy; and 

wherein any such substituent is not substituted at the R 3 carbon atom attached (bonded) 
to the -NH- group of formula (IA); 

wherein in R 3 the phenyl is optionally substituted with one substituent being fluoro, 
chloro, Ci_ 2 alkyl, Ci_ 2 fluoroalkyl, Ci. 2 alkoxy, Ci. 2 fluoroalkoxy or cyano; 

wherein in R 3 the C3_8cycloalkyl or the heterocyclic group of sub-formula (aa), (bb) or 

(cc) is optionally substituted with one or two substituents being oxo (=0), OH, 
Ci_ 2 alkoxy, Ci_ 2 fluoroalkoxy, or Ci_ 2 alkyl; and wherein any OH, alkoxy or 
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fluoroallcoxy substituent is not substituted at the R 3 ring carbon attached (bonded) to the 
-NH- group of formula (IA) and is not substituted at either R 3 ring carbon bonded to the 
Y group of the heterocyclic group (aa), (bb) or (cc); 



and wherein Het is of sub-formula (i), (ii), (iii), (iv) or (v): 




(i) (ii) (iii) ('v) (v) 



wherein: 

Wl, W 2 , W 4 and W 5 is N; and W 3 is NRW ; 

Xl, X 3 and X 4 is N or CR X ; X 2 is O, S or NR X ; and X 5 is CR X1 RX2 ; 
Y 1 , Y 2 and Y 3 is CR Y or N; Y 4 is O, S or NR Y ; and is CR y 1rY2 ; 
Zl and Z 5 is O, S or NR Z ; and Z 2 , 7? and Z 4 is N or CR Z ; 
wherein: 

is a hydrogen atom (H) or Ci_2 a lkyl; 

R x , R^ 2 , R Y and R Y2 independentlyare: 

a hydrogen atom (H); 
Ci. 8 alkyl; 

C3.6cycloalkyl optionally substituted by a C\jidi\ky\ group; 
-(CH2) n 2a -C3_6cycloalkyl optionally substituted, in the -(CH2) n 2a - moiety or in 

the C3_6cycloalkyl moiety, by a C\jiz\ky\ group, wherein n 2a is 1, 2 or 3; 
-(CH2) n 3 -S02-R 5 wherein n 3 is 1 or 2 andR 5 is Ci_3alkyl or-NH-Ci_2alkyl or 

phenyl; 

-(CH2) n 4 -NR 6 R 7 wherein n 4 is 0, 1, 2 or 3, and R 6 and R 7 independently are H, 
Cj^alkyl e.g. Ci^alkyl, C3_6cycloalkyl, -CH2-C3-6cycloalkyl, 
-C(0)-Ci_2alkyl, -SC^-Ci^alkyl, phenyl, or benzyl (wherein the phenyl or 

benzyl are independently optionally substituted on the aromatic ring by one of 
fluoro, chloro, Ci_2 a lkyl> Cifluoroalkyl, C\jidXko^y or Cifluoroalkoxy); or 

R6 and R 7 together are -(CH 2 )n 5 -X 5 -(CH2)n 6 - in which n^ and n^ 
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independently are 2 or 3 and X 5 is a bond, -CH2-, O, or NR 8 wherein R 8 is H 

or Ci^^y^ 

-(CH 2 ) n 7 -0-R 9 ; wherein n 7 is 0, 1, 2 or 3 and R 9 is H or Ci_ 6 alkyl; wherein n? is 
0 only when the -(CH2) n 7 -0-R 9 is bonded to a carbon atom in the Het ring; 

and wherein n 7 is not 0 when Het is of sub-formula (v) (i.e. n 7 is not 0 for 
RX2andforR Y2 ); 
-C(O)-NR 10 R n whereinR 10 andR 11 independently are H, Ci^alkyl, 

C3_6cycloalkyl, -CH2-C3_6cycloalkyl, phenyl, or benzyl (wherein the phenyl 

or benzyl are independently optionally substituted on the aromatic ring by one 
of fluoro, chloro, C^alkyl, Cifluoroalkyl, Ci^alkoxy or Cifluoroalkoxy); 

or Rl° and R 1 1 together are -(CH 2 )n 8 -X 6 -(CH 2 )n 9 - in which n 8 and n 9 
independently are 2 or 3 and X 6 is a bond, -CH2-, O, or NR 12 wherein R 12 is 
HorCi_ 2 alkyl; 

-C(0)-ORl3 wherein Rl3 is H, Ci_ 6 alkyl, C 3 _ 6 cycloalkyl, -CH 2 -C 3 _ 6 cycloalkyl, 

phenyl, or benzyl (wherein the phenyl or benzyl are independently optionally 
substituted on the aromatic ring by one of fluoro, chloro, Ci_2alkyl, 
Cifluoroalkyl, Ci^alkoxy or Cifluoroalkoxy); 

-C(0)-R 13a wherein R 13a is a hydrogen atom (H), Ci_6alkyl, Ci_ 2 fluoroalkyl, 

C3_6cycloalkyl, -CH2-C3_6cycloalkyl, benzyl, or phenyl; wherein the phenyl 

or benzyl are independently optionally substituted on the aromatic ring by one 
of fluoro, chloro, Ci^alkyl, Cifluoroalkyl, Ci^alkoxy or Cifluoroalkoxy; 

a 4-, 5-, 6- or 7-membered saturated heterocyclic ring containing one O ring atom or 
one NR 14 ring group wherein R*4 { s h or Ci^alkyl, said heterocyclic ring 

being optionally substituted (at a position or positions other than any NR* 4 
position) by one oxo (=0) and/or one Ci_4alkyl substituent; or 

"(CH2) n 1 °-Ar wherein n 10 is 0, 1 or 2 and 

(i) Ar is phenyl optionally substituted by one or two substituents being fluoro, 
chloro, Ci^alkyl, Ci^fl^oroalkyl, Ci^alkoxy, Ci^Auoroalkoxy or cyano; 

or 

(ii) Ar is an optionally substituted 5- or 6-membered heterocyclic aromatic 
ring containing 1, 2 or 3 heteroatoms selected from O, N or S; and wherein 
when the heterocyclic aromatic ring Ar contains 2 or 3 heteroatoms, one is 
selected from O, N and S and the remaining heteroatom(s) are N; and wherein 
the heterocyclic aromatic ring Ar is optionally substituted by one or two 
Ci_4alkyl groups; 

RXl and RY1 independently are a hydrogen atom (H), C^alkyl or Cifluoroalkyl; and 



is a hydrogen atom (H) or C^alkyl. 
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Preferably, in formula (IA), when R 3 is the heterocyclic group of sub-formula (bb), n 1 is 
1, and Y is NR 4 , then R 4 is not Ci^alkyl, Ci^Auoroalkyl or CH 2 C(0)NH 2 . 

Examples 1-48 are examples of compounds or salts of the second aspect of the invention 
(Formula (IA)). 

The preferred or optional features for the compound of formula (IA) or salt thereof are 
the same as or similar to the preferred or optional features for the compound or salt of 
formula (I), with all necessary changes (for example to the formula, to the R groups 
and/or to substituents) having been made. Generally, whenever formula (T) is mentioned 
herein, then in alternative embodiments the statement mentioning formula (I) applies to 
formula (IA), with all necessary changes having been made. 

Salts, solvates, isomers, tautomeric forms, molecular weights, etc. 

Because of their potential use in medicine, the salts of the compounds of formula (I) are 
preferably pharmaceutical^ acceptable. Suitable pharmaceutically acceptable salts can 
include acid or base addition salts. 

A pharmaceutically acceptable acid addition salt can be formed by reaction of a 
compound of formula (I) with a suitable inorganic or organic acid (such as hydrobromic, 
hydrochloric, sulfuric, nitric, phosphoric, succinic, maleic, formic, acetic, propionic, 
fumaric, citric, tartaric, lactic, benzoic, salicylic, glutamaic, aspartic, p-toluenesulfonic, 
benzenesulfonic, methanesulfonic, ethanesulfonic, naphthalenesulfonic such as 2- 
naphthalenesulfbnic, or hexanoic acid), optionally in a suitable solvent such as an organic 
solvent, to give the salt which is usually isolated for example by crystallisation and 
filtration. A pharmaceutically acceptable acid addition salt of a.compound of formula (I) 
can be for example a hydrobromide, hydrochloride, sulfate, nitrate, phosphate, succinate, 
maleate, formate, acetate, propionate, fumarate, citrate, tartrate, lactate, benzoate, 
salicylate, glutamate, aspartate, p-toluenesulfonate, benzenesulfonate, methanesulfonate, 
ethanesulfonate, naphthalenesulfonate (e.g. 2- naphthalenesulfonate) or hexanoate salt 
In one embodiment, the pharmaceutically acceptable acid addition salt can be a 
hydrobromide, hydrochloride, sulfate, nitrate, phosphate, succinate, maleate, acetate, 
fumarate, citrate, tartrate, benzoate, p-toluenesulfonate, methanesulfonate or 
naphthalenesulfonate salt. 

A pharmaceutically acceptable base addition salt can be formed by reaction of a 
compound of formula (I) with a suitable inorganic or organic base (e.g. triethylamine, 
ethanolamine, triethanolamine, choline, arginine, lysine or histidine), optionally in a 
suitable solvent such as an organic solvent, to give the base addition salt which is usually 
isolated for example by crystallisation and filtration. 
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Other suitable phannaceutically acceptable salts include phannaceutically 
acceptable metal salts, for example phannaceutically acceptable alkali-metal or alkaline- 
earth-metal salts such as sodium, potassium, calcium or magnesium salts; in particular 
phannaceutically acceptable metal salts of one or more carboxylic acid moieties that may 
be present in the the compound of formula (T). 

Other non-pharmaceutically acceptable salts, eg. oxalates, maybe used, for 
example in the isolation of compounds of the invention, and are included within the scope 
of this invention. 

The invention includes within its scope all possible stoichiometric and non- 
stoichiometric forms of the salts of the compounds of formula (I). 

Also included within the scope of the invention are all solvates, hydrates and 
complexes of compounds and salts of the invention. 

Certain groups, substituents, compounds or salts included in the present invention 
may be present as isomers. The present invention includes within its scope all such 
isomers, including racemates, enantiomers and mixtures thereof. 

Certain of the groups, e.g. heteroaromatic ring systems, included in compounds 
of formula (I) or their salts may exist in one or more tautomeric forms. The present 
invention includes within its scope all such tautomeric forms, including mixtures. For 
example, when Het is of sub-formula (i), Y 1 is CR Y , and X 1 is CR X wherein R x is OH, 
then the compounds of formula (I) or their salts include the keto form (Kl), the enol form 
(El), and mixtures thereof, as shown below, unless otherwise indicated; and when Het is 
of sub-formula (i) and Y 1 is CR Y wherein R Y is OH, then the compounds of formula (I) ' 
or their salts include the keto form (K2), the enol or hydroxy-imine form (E2), and 
mixtures thereof, as shown below, unless otherwise indicated: 




E1 K1 E2 K2 



Especially when intended for oral medicinal use, the compound of formula (I) can 
optionally have a molecular weight of 1000 or less, for example 800 or less, in particular 
650 or less or 600 or less. Molecular weight here refers to that of the unsolvated "free 
base" compound, that is excluding any molecular weight contributed by any addition 
salts, solvent (e.g. water) molecules, etc. 



Synthetic Process Routes 

The following processes can be used to make the compounds of formula (I). The 
methods are sometimes illustrated for the circumstance where R 2 is H or Me. However, 
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some or all of these processes are thought to be usable with appropriate modification, e.g. 
of starting materials and reagents, for making compounds of Formula (T) wherein is 
CifluoroalkyL 

Process A 

Compounds of formula (I) which are compounds of Formula I(ia) (that is, compounds of 
formula (I) wherein Het is of sub-formula (ia)) can be prepared by the cyclisation reaction 
of a compound of Formula II, for example in the presence of a dehydrating agent such as 
phosphorous oxychloride (POCI3) or Burgess reagent 

[(Metlioxycarbonylsxxlphamoyl)trie11iylaiimioniiim hydroxide], and/or preferably in a 
suitable solvent (e.g. organic solvent, preferably anhydrous) such as acetonitrile (e.g. for 
POCI3) or THF and/or DMF (e.g. for Burgess reagent). The reaction may require heating, 

for example heating to from about 70 to about 150 °C or heating to from about 70 to 
about 120 °C or heating to from about 70 to about 90 °C: 




Formula It Formula !(ia) 

For the Formula II to Formula I(ia) cyclisation reaction, the conditions can for example 
be as described in (a) Examples 1-3 or 43 (POCI3 and acetonitrile), or (b) in Examples 

32, 34-37, 35 (alternative synthesis), 38-40, 44, 66 or 97-125 (Burgess reagent, with THF 
and/or DMF). 

Compounds of Formula II may themselves be prepared by reacting a compound of 
Formula UI with a suitably substituted hydrazine derivative of formula R Y CONHNH2, 
under standard coupling conditions. For example a coupling reagent such as 
l-(3-dimethylaminopropyl)-3-e1hylcarbodiimide hydrochloride (EDC) may be used e.g. 
in the presence of hydroxybenzotriazole (HOBT) , for example in a suitable solvent such 
as DMF: 
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C0 2 H 



R v CONHNH 




R 1 



Formula HI 



Formula II 



Where the required hydrazine derivative RYCONHNH2 * s not readily available, 
compounds of Formula II may alternatively be prepared by initially reacting a compound 
of Formula III with a carbazate ROCONHNH2 such as t-butylcarbazate teuOCONHNH2 
under coupling conditions to form a compound of formula IV. For example a coupling 
reagent such as EDC may be used, e.g. in the presence of hydroxybenzotriazole, for 
example in a suitable solvent such as DMF: 




C0 2 H 



tBuOCONHNHg 




Formula 111 



Formula IV 



Boc 

deprotection 




i) R Y COOH, 

coupling 

conditions 



orii)R Y CO-X t0 N 



Formula II 




<NH 2 .2HCI 



Subsequent Boc-deprotection of the resultant acid hydrazide derivative (compound of 
Formula IV) to afford a hydrazide derivative of Formula V, can be achieved using a 
dilute acid such as 2M hydrochloric acid in an organic solvent such as dioxane. . 

The compound of Formula V can be converted to the compound of Formula II (the 
desired hydrazide derivative). This can be achieved by reaction of the compound of 
Formula V with an acid of formula RXCO2H under coupling conditions. For example a 
coupling agent such as EDC may be used e.g. in the presence of hydroxybenzotriazole 
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(HOBT), for example in a suitable solvent such as DMF. Alternatively, an activated acid 
derivative of formula RYCO-X 1 ^ where X is a leaving group such as chloro (acid 
chloride) or -O-CO-R 30 or -0-SO 2 -R 3 ° (where R 30 can e.g. be R Y or alkyl or aryl such 
as methyl, t-butyl or p-methylphenyl) may be used to effect formation of a hydrazide of 
Formula II, through reaction with a hydrazide derivative of Formula V. 

Compounds of Formula III can be prepared by hydrolysis of an ester of Formula VI (for 
example R^ can be Cj.galkyl such as Et), for example according to the method 

described by Yu et. al. in J. Med Che?n. y 2001, 44, 1025-1027. This hydrolysis procedure 
usually involves reaction with a base such as sodium hydroxide or potassium hydroxide 
in a solvent such as ethanol or dioxane (e.g. NaOH in EtOH), one or both solvents 
preferably containing some water: 




OR 




R 1 



OH 



Formula VI 



Formula III 



Compounds of Formula VI can be prepared, e.g. according to the method described by 
Yu et. al. in J. Med Chem., 2001, 44, 1025-1027, by reaction of a compound of Formula 
VH with an amine of Formula R 3 R 3a NH. The reaction is best carried out in the presence 
of a base such as triethylamine or diisopropylethyl amine in a solvent such as ethanol or 
dioxane (e.g. NEt3 in EtOH) and may require heating: 




R R 

Formula VII Formula VI 



Many amines of Formula R 3 R 3a NH, e.g. those amines wherein R 3 R 3a N are of sub- 
formulae (a) to (t2), are either commercially available, or syntheses therefor have been 
published and/or described herein, or they can be prepared from commercially available 
or synthesizable compounds e.g. from other amines of Formula R 3 R 3a NH or derivatives 
thereof. For amines R 3 R 3a NH whose preparations and/or specific commercial sources 
are described herein, see e.g. Intermediates 21, 21A, 25, 50, 54-57, and 140-163. 
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Compounds of Formula VII are also described in the above reference and can be prepared 
first by reaction of a compound of Formula VH[ with, for example, diethyl 
(ethoxymethylene)malonate (R^ = H, to afford RA = Et) or diethyl 
2-(l-ethoxyethylidene)malonate (R 2 = Me, to afford R A = Et), e.g. with heating, 
followed by reaction with phosphorous oxychloride, again preferably with heating. See 
for example Intermediate 1 synthesis and G. Yu et. al., J. Med Chem,, 2001, 44, 1025- 
1027 hereinafter, where R 2 = H and R 1 = ethyl; and see Intermediate 58 synthesis 
hereinafter where R 2 = Me and R* = ethyl: 



1) Et0 2 C^.C0 2 Et 



^OEt 



NH 2 2) POCI 3 



R 

Formula VIII 




OEt 



P N R 2 



Formula VII, R A = Et 



Where, for example, the desired amino pyrazole of Formula VHI is not commercially 
available, preparation of the Formula Vm pyrazole can be achieved, for example using 
methods described by Dorgan et. al. in J. Chem. Soa, Perkin Trans. 1980, 1 (4), 938-42, 
involving reaction of cyanoethyl hydrazine with a suitable aldehyde R^^HO in a solvent 
such as ethanol, with heating, followed by reduction, for example reduction with sodium 
in a solvent such as t-butanol. R* a should be chosen so as to contain one less carbon atom 
than Rl, for example Rl a = methyl will afford R* = ethyl. 

1)Ri*CHO r 
EtOH '/ 

^ N \ 



2) Na/t-BuOH 




R 



.1 



Formula VIII 



Alternatively, e.g. where the desired amino pyrazole of Formula Vm is not commercially 
available, preparation of the compound of Formula VI can be achieved from the 
compound of Formula VII (e.g. Intermediate 1 wherein Rl = ethyl), using a generalised 
version of the reaction scheme shown in Example 43, especially that part relating to 
conversion of Intermediate 1 to Intermediate 38. In this method: the 4-chloro 
pyrazolopyridine of Formula VII (e.g. Intermediate 1) is optionally converted to the 4- 
alkoxy (e.g. Ci^alkoxy such as ethoxy) pyrazolopyridine (e.g. Intermediate 35); the R 1 
group is removed (to e.g. Intermediate 36 wherein R* is H rather than alkyl), the 4-amino 
R 3 R3ajsr group is inserted by displacing the 4-chloro or 4-alkoxy group by reaction with 
R 3 R 3a NH (e.g. to Intermediate 37); and the pyrazolopyridine is alkylated at N-l by 
reacting it with r!-X 40 where X 40 is a group displaceable by the N-l nitrogen of the 
pyrazolopyridine in order to re-insert the desired Rl group (e.g. Intermediate 38 
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synthesis). X 40 can for example be a halogen, e.g. CI, Br or I; or X 40 can be 
-O-SO2-R 40 where R 40 is C^alkyl, Ci^Auoroalkyl, or phenyl optionally substituted 
byCj^alkyl- 



Process B 

Compounds of formula (I) which are compounds of Formula I(ia) (that is, compounds of 
formula (I) wherein Het is of sub-formula (ia)) can alternatively be prepared by reaction 
of a compound of Formula IX with an amine of formula R^R3a]\jjj ? preferably in a 
solvent (e.g. organic solvent) such as ethanol or acetonitrile, and/or preferably in the 
presence of a base such as DJPEA. Heating may be required to effect the conversion: 




Formula IX Formu,a | ( ia > 

For the reaction of a compound of Formula IX with an amine of formula R3R3a]^jj t Q 
prepare the compound of Formula I(ia), the reaction conditions, e.g. solvents, mole ratios, 
temperatures and/or reaction times, can optionally be as described in Examples 9, 10-11 
and/or 12-27. 

The reaction of Formula IX with R 3 R 3a NH to give Formula I(ia) can be generalised for 
any compound of Formula (I), containing any Het group as defined herein, starting from a 
compound of Formula IXa: 




Formula IXa Formula (I) 

Compounds of Formula DC can themselves be prepared by cyclisation of a compound of 
Formula X, preferably in the presence of a dehydrating agent such asphosphorous 
oxychloride or Burgess reagent [(Methoxycarbonylsulphamoyl)1riethylammonium 
hydroxide], in a suitable solvent (e.g. organic solvent, preferably anhydrous) such as 
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acetonitrile (e.g. for POCI3) or THF and/or DMF (e.g. for Burgess reagent). The reaction 

may require heating, for example heating to from about 70 to about 150 °C or heating to 
from about 70 to about 120 °C or heating to from about 70 to about 90 °C: 





Formula X 



Formula IX 



10 



Compounds of Formula X can be prepared by initial activation of an acid of Formula XI, 
for example with an amide coupling reagent such as EDC/HOBT or with thionyl chloride, 
followed by reaction of the thus formed activated intermediate with an acid hydrazide of 
Formula R Y CONHNH 2 : 




CO z H 



1 ) activation 



2) R Y CONHNH 2 




Formula XI 



Formula X 



Examples of reactions of the compound of Formula XI to Formula X and of the 
15 compound of Formula X to Formula IX are presented in Intermediates 12 to 15. 



20 



Acids of Formula XI can themselves be prepared by hydrolysis of an ester of Formula 
VII (e.g. as described in Process A) using a base such as potassium hydroxide in a solvent 
such as aqueous dioxane dioxane/water): 





Formula VII 



Formula XI 



Process C 



25 Compounds of Formula XII (that is, compounds of formula (£) wherein Het is of 

sub-formula (ib)) can be prepared by reaction of a compound of Formula II with a reagent 
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capable of inserting sulfur, such as Lawesson's reagent, usually in a suitable solvent such 
as acetonitrile. The reaction may require heating: 




Formula I! Formula XII 



The reaction conditions, e.g. solvents, mole ratios, temperatures and/or reaction times, 
can optionally be as described in Examples 4, 5 or 6. 

Process D 

Compounds of Formula XIII [which are compounds of formula (I) wherein Het is of 
sub-formula (ic)] can be prepared by reaction of a compound of Formula VI (RA can be 
Ci-galkyl such as Et) with an amidoxime of formula R x C(=NOH)NH 2 , preferably in the 

presence of a base such as sodium ethoxide and/or preferably in a suitable solvent (e.g. 
anhydrous and/or organic solvent) such as ethanol, and preferably in the presence of 
molecular sieves (e.g. 4 Angstrom and/or powdered molecular sieves) or under other 
conditions effective for removing water. The reaction mixture may optionally be heated, 
for example to reflux: 




Formula VI Formula XIII 



The reaction conditions, e.g. solvents, mole ratios, temperatures and/or reaction times, 
can optionally be as described in Examples 7, 28-29, 30, 31, 48, 82-84, 92, 93 and/or 
178-187. 

Process E 

Compounds of Formula XTV (which are compounds of formula (T) wherein Het is of 
sub-formula (if)) can be prepared by reaction of a compound of Formula XV with a 
suitable acetimidate R x -C(=NH)OR E , where R E is Chalky! e.g. methyl, (such as 



P33153 PCT 



-58- 



methyl acetimidate (R x = Me)), preferably in the presence of a base (such as 
triethylamine or sodium ethoxide) and/or in a suitable solvent (e.g. anhydrous and/or 
organic solvent) such as ethanol: 




Compounds of Formula XV may themselves be prepared by reaction of a compound of 
Formula HI with a suitably substituted hydrazine derivative of Formula R Z NHNH 2 , under 
coupling conditions. For example a coupling agent such as EDC may be used, e.g. in the 
presence of hydroxybenzotriazole (HOBT), in a suitable solvent such as DMF: 




Formula III Formula XV 



Process F 

To make a compound of formula (I) wherein Het is of sub-formula (id) (optionally 
substituted l,3-oxazol-2-yl), methods known to the skilled person can be used. 

For example, the 5-carboxylic acid compound of Formula III can be converted directly or 
indirectly to a compound of formula (I) wherein Het is of sub-formula (id) (Le. to a 5- 
(optionally-substituted l,3-oxazol-2-yl)-pyrazolopyridine). Alternatively or additionally, 
a compound of formula (I), wherein Het is of sub-formula (va) in which R^l and rYI 
are H and RX1 is rX and RYI is rY [i.e. the corresponding 5-(optionally-substituted 
4,5-dihydro-l,3-oxazol-2-yl)-pyrazolopyridine], can be dehydrogenated to a compound of 
formula (I) wherein Het is of sub-formula (id); e.g. by the method shown in Example 41 
(DBU, CCI4, CH3CN, Pyridine) or a modification of this method or by an analogous 

method for example using an oxidising agent. 

The dehydrogenation (oxidation) of the 4,5-dihydro-l,3-oxazol-2-yl compound of 
formula (I) (wherein Het is of sub-formula (va) in which R^l and RY1 are H and RX1 is 
RX and RY1 is RY) to the corresponding l,3-oxazol-2-yl compound of formula (I) 
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wherein Het is of sub-formula (id) can be carried out using reagents and conditions 
known to the skilled man (see for example the following reviews: T.G. Gant et aL, 
Tetrahedron, 1994, 50(8), 2297-2360; M.Reuman et ah, Tetrahedron, 1985, 41(5), 837- 
860; and references cited therein). For this dehydrogenation reaction, preferably an 
5 oxidising agent is used such as nickel peroxide, manganese dioxide (M11O2), or 2,3- 

dichloro-5,6-dicyano-l ,4-benzoquinone (DDQ). 

A compound of formula (I) wherein Het is of sub-formula (va) can be prepared by 
cyclisation of a compound of Formula XXVTII, for example in the presence of Burgess 
10 reagent and/or preferably in a suitable solvent (e.g. organic solvent, preferably 
anhydrous) such as THF. 




Formula III r 1 

Formula XXVIII 



i 




Het = (id) Het = (va) 

1 5 The compound of Formula XXVTII can be prepared from the compound of Formula HI 
by reaction with the compound of Formula XXIX under coupling conditions (e.g. EDC 
with or without HOBT), optionally in the presence of a base such as Et3N, and preferably 

in a suitable solvent such as DMF. 

20 

Process G 

Compounds of the invention of Formula XVI (1,2,4-oxadiazoles), which are compounds 
of formula (I) wherein Het is of sub-formula (ic) and RX i s -CH2C(O)NR 10 R 1 1, can be 
25 prepared by reaction of a compound of the Formula XVH with an amine of Formula 1 
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rIOrI Inh, under coupling conditions. Standard coupling conditions can be used 
known to the skilled person. For example a coupling agent such as TBTU may be used, 
preferably in the presence of hydroxybenzotriazole. However, it is more preferable that 
the coupling agent is oxalyl chloride, which in the reaction forms the corresponding acid 
chloride from the carboxylic acid of the compound of Formula XVII; in this embodiment 
it is preferable that the acid chloride is not isolated, i.e. the solvent in which it is formed 
is preferably not removed to a substantial extent. Preferably, whatever the coupling agent 
/ coupling conditions, the reaction is carried out in the presence of a base such as 
diisopropylethylamine, and/or in a suitable solvent (e.g. organic solvent, preferably 
anhydrous) such as DMF and/or dicloromethane. 




11 



Formula XVII . Formula XVI 



The reaction conditions for the Formula XVII to Formula XVI reaction, e.g. solvents, 
mole ratios, temperatures and/or reaction times, can optionally be as described in 
Examples 85-90, 95-96 and/or 148-155. 

Compounds of Formula XVII may themselves be prepared by reaction of a compound of 
Formula XVIII (R^ls preferably ^Bu) with a hydrolysing agent (e.g. an acid such as 
trifluoroacetic acid) in a solvent such as dichloromethane: 




Formula XVIII Formula XVII 



Compounds of Formula XVIII can be prepared by reaction of a compound of Formula VI 
(RA - H) with an amidoxime of formula R G OC(=0)CH 2 C(=NOH)NH 2 and a coupling 
agent, for example TBTU, preferably in the presence of hydroxybenzotriazole, preferably 
in the presence of a base such as diisopropylethylamine and/or in a suitable solvent such 
as DMF, followed by reaction with l,r~carbonyldiimidazole: 
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Formula VI Formula XVIII 



Process H 

5 

Compounds of Formula XIX, which are compounds of formula (T) wherein Het is of 
sub-formula (ic) and R^ is -CH2-NR6r7 wherein is C(0)R}^ 9 may be prepared from 
compounds of Formula XX. For example, this can be by reaction of the compound of 
Formula XX with a carboxylic acid Rl^COOH in the presence of a coupling agent, for 

1 0 example TBTU, preferably with hydroxybenzotriazole, and preferably in the presence of 
a base such as diisopropylethylamine in a suitable solvent such as DMF. Alternatively or 
additionally, the compound of Formula XX can be reacted with an activated derivative of 
the carboxylic acid moiety of Rl^COOH (e.g. by reaction with an acid chloride 
R 17 C(0)C1), preferably in the presence of a base such as diisopropylethylamine and/or in 

15 a suitable solvent (e.g. organic) such as dichloromethane and/or chloroform. 





R 17 

R 1 ^ 

Formula XX Formula XIX 

The reaction conditions for the Formula XX to Formula XIX reaction, e.g. solvents, mole 
20 ratios, temperatures and/or reaction times, can optionally be as described in any of 
Examples 159-165. 

Compounds of Formula XX, which are compounds of formula (T) wherein Het is of 
sub-formula (ic) and R^ is -CH^-NR^R? wherein R? is H, may be prepared by 

25 deprotecting compounds of Formula XXI wherein R^ is benzyl or Ci_6alkyl such as tBu, 

e.g. by reaction with an acid such as trifluoroacetic acid (e.g. where RH is Cj.galkyl 

such as tfiu) or by hydrogenation (e.g. where RH is benzyl), preferably in a suitable 
solvent such as dichloromethane: 
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Formula XXI Formula XX 



Compounds of Formula XXI can be prepared by reaction of a compound of Formula VI 
(but wherein RA is OH) with an amidoxime of formula 

rHoC(=0)N(R 6 )CH 2 C(=NOH)NH 2 and a coupling agent, for example TBTU, preferably 
in the presence of hydroxybenzotriazole, and preferably in the presence of a base such as 
diisopropylethylamine, and/or preferably in a suitable solvent such as DMF, followed by 
reaction with abase such as l,8-diazabicyclo[5.4.0]undec-7-ene: 




Formula VI Formula XXI 



Process I 

Compounds of Formula XXII, which are compounds of formula (I) wherein Het is of 
sub-formula (ic) and R x is -CH2-NR6R 7 wherein R 7 is -S(0)2R 18 , may be prepared 

from compounds of Formula XX by reaction with a sulphonyl chloride Rl^S(0)2Cl, 
preferably in the presence of a base such as triethylamine and/or pyridine, and/or 
preferably in a suitable solvent (e.g. organic) such as dichloromethane and/or chloroform: 




The reaction conditions, e.g. solvents, mole ratios, temperatures and/or reaction times, 
can optionally be as described in any of Examples 166-172. 
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Process J 

Compounds of Formula XXIII are compounds of formula (I) wherein Het is of 
sub-formula (ic) and R x is -CH2-NR^R 7 , wherein R^ and R? together are 

-(CH2)n 5 -X 5 -(CH2)n^- in which n 5 and n^ independently are 2 or 3, and wherein the 
ring formed by NR 6 R7 is substituted by one oxo (=0) substituent at a carbon atom within 
(CH2) n ^ which carbon atom is bonded to the nitrogen. 

Compounds of Formula XXIH can be prepared by reaction of a compound of the type 
Formula XX wherein R*> = H with acid chlorides of the type 

X J -(CH2) n 5 -X 5 -(CH2)(n 6 .l)-COCl, where X* is a leaving group, preferably in the 
presence of a base such as triethylamine and/or preferably in a suitable solvent, for 
example dichloromethane or tetrahydrofuran, preferably followed by treatment with a 
base such as sodium hydride in a suitable solvent such as DMF. The leaving group X^ 
can for example be a halogen atom such as CI, Br or I; or X^ can for example be 
^0-SC>2-RJ where R J is Cj^alkyl, Ci_2fl u oroalkyl, or phenyl optionally substituted by 
Ci_2alkyl e.g. 4-methylphenyl. 




Formula XX Formula XXIII 



For examples of reaction conditions for the Formula XX to Formula XXm reaction, see 
for example Intermediates 119 and/or 120 and/or subsequent Examples 173 and/or 174. 

Process K 

Compounds of the type Formula XXIV, which are compounds of formula (I) wherein Het 
is of sub-formula (iia), can be prepared from compounds of the type Formula XXV by 
reaction with R Y C(0)XK where X^ is a leaving group, preferably in a solvent such as 
acetic acid, pyridine, diglyme and/or dichloromethane. X^ can for example be chloro; 
or R Y C(0)X K can be an anhydride such as [R Y (C=0)] 2 0; or R Y C(0)X K can be an 
activated carboxylic acid derivative prepared from the reaction of R Y C(0)OH with a 
coupling reagent such as EDC or TBTU with or without the presence of HOBT. 
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-,3a 



r3 K 



,3a 




R 3^ R 




Formula XXV 



Formula XXIV 



For the Formula XXV to Formula XXIV reaction, the reaction conditions can for 
example be as described in Examples 188, 189 and/or 190. 

Compounds of the type Formula XXV can be prepared from compounds of the type 
Formula XXVI by reaction with hydroxylamine or a hydroxylamine salt, preferably in the 
presence of a base such as potassium carbonate, sodium alkoxide or a tertiary amine, 
and/or preferably in a suitable solvent such as ethanol or methanol: 




Formula XXVI Formula XXV 



Compounds of the type Formula XXVI may themselves be prepared from compounds of 
Formula XXVH by reaction with a dehydrating agent such as Burgess Reagent, 
preferably in a solvent, for example tetrahydrofuran: 




Formula XXVII Formula XXVI 



Compounds of the type Formula XXVH can be prepared from carboxylic acid 
compounds of Formula m, for example by reaction with thionyl chloride followed by 
ammonia in a suitable solvent such as dioxane: 
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Formula III Formula XXVII 



Process L - Conversion of a compound of formula (I) or a salt thereof into a 
different compound of formula (I) or a salt thereof 

One compound of formula (I) or salt thereof can be converted into another compound of 
formula (T) or salt thereof. This conversion preferably comprises or is one or more of the 
following processes LI to L10: 

LI . An oxidation process. For example, the oxidation process can comprise or be 
oxidation of an alcohol to a ketone (e.g. using Jones reagent) or oxidation of an alcohol or 
a ketone to a carboxylic acid. 

L2. A reduction process, for example reduction of a ketone or a carboxylic acid to an 
alcohol. 

L3 . Acylation, for example acylation of an amine or of a hydroxy group. 

L4. Alkylation, for example alkylation of an amine or of a hydroxy group. 

L5. Hydrolysis, e.g. hydrolysis of an ester to the corresponding carboxylic acid or salt 
thereof, for example in the presence of base (e.g. alkali-metal hydroxide, preferably also 
in the presence of water) or in the presence of acid (e.g. aqueous HC1, or HC1 in an 
anhydrous organic solvent such as dioxane). 

The hydrolysis can for example be hydrolysis of an ester compound, in which RX 
RX2 R Y or rY2 is -(CH2) n 12 -C(0>ORl3 wherein Rl3 is not a hydrogen atom (H), to 

the corresponding carboxylic acid wherein R 13 is a hydrogen atom (H). See for example 
Example 57 and Intermediate 83. 

The hydrolysis can for example be hydrolysis of an ester compound, wherein R 3 
is substituted by -C(0)OR 23 in which R 23 is Ci^ 2 ^ 1 ( e -&- NHR 3 or NR 3 R 3a is of 
sub-formula (p8)), to the corresponding carboxylic acid or salt thereof wherein R 23 is H 
(e.g. NHR 3 or NR 3 R 3a is of sub-formula (p7)). 

L6. Deprotection, e.g. deprotection (e.g. deacylation or t-butyloxycarbonyl (BOC) 
removal or benzyloxycarbonyl removal) of an amine group. 
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L7. Formation of an ester or amide, for example from the corresponding carboxylic acid 
and/or an activated derivative of the carboxylic acid (e.g. acid chloride or acid anhydride 
or carboxylic acid activated by a coupling agent). 
5 The amide formation can be formation of an amide compound, in which one or 

more of RX R* 2 , R y and R Y2 is -(CH^ 1 ^(O^NRlQR 1 

-CHCCi^alkyO-C^-NRiOR 1 \ -CMe 2 -C(0)-NR 1( >R 11 or cycloalkyl substituted by 

-C(O)-NR*0r1 1, from the corresponding carboxylic acid and/or an activated derivative 
of the carboxylic acid. For examples of this amide formation, see Examples 58-59 and/or 
10 126-147 for Het = sub-formula (id), and/or Process G herein for Het = sub-formula (ic) 
(e.g. Examples 85-90, 95-96 and/or 1 48-1 55). 

The amide formation can alternatively be formation of an amide compound, in 
which one or more of R x , R* 2 , R y and R Y2 is -(CH 2 ) n 4 -NR 6 R 7 , 
-CH(Ci«2alkyl)-NR 6 R 7 , -CMe2~NR 6 R 7 or cycloalkyl substituted by -NR 6 R 7 , wherein 

15 R^ is C(0)Rl 7 , from the corresponding carboxylic acid and/or an activated derivative of 
the carboxylic acid. For one example where Het is of sub-formula (ic) see Process H 
and/or Examples 159-165. 

L8. Conversion of a ketone into the corresponding oxime or oxime ether. This can for 
20 example include conversion of an oxo (=0) substituent within R 3 , e.g. within the NHR 3 
or NR 3 R 3a sub-formula (o), into an hydroxyimino (=N-OH) or (Ci_4alkoxy)imino 

(=N-OR 26 ) substituent within R 3 , e.g. within the NHR 3 or NR 3 R 3a sub-formula (o2), 
(o3), (o4) or (o5). This conversion can be carried out in the case of an oxime 
(bydroxyimino, =N-OH) by reacting hydroxylamine or a salt thereof (e.g. hydroxylamine 
25 hydrochloride) with the ketone, or in the case of an oxime ether (Ci^alkoxy)imino, 

=N-OR 2 ^) by reacting Cj^alkoxylamine or a salt thereof (e.g. hydrochloride salt) with 

the ketone. The reaction is preferably carried out in the presence of a base such as 
anhydrous potassium carbonate or diisopropylethylamine and/or in a suitable solvent such 
as acetonitrile. The mixture can be heated e.g. to reflux. 



30 



35 



L9. Sulfonylation, e.g. sulfonamide formation by reaction of an amine with a sulfonyl 
halide e.g. a sulfonyl chloride (e.g. see also Process I). 

and/or 



LI 0. Beckmann rearrangement of one compound of formula (I) into another compound 
of formula (I). Preferably, this uses cyanuric chloride (2,4,6-trichloro-l,3,5-triazine) 
together with a formamide such as DMF, e.g. at room temperature (see L.D. Luca, J. Org. 
Chern., 2002, 67, 6272-6274). The Beckmann rearrangement can for example comprise 
40 conversion of an (hydroxyimino)cycloalkyl compound of formula (I), e.g. wherein NHR 3 
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/OH 

N 



or NR 3 R 3a is of sub-formula (o2) (^ ), into a single-atom-ring-expanded 

lactam compound of formula (I), e.g. wherein NHR 3 or NR 3 R 3a is of sub-formula (m3) 




The present invention therefore also provides a method of preparing a compound of 
formula (I) or a salt thereof, comprising : 

(a) cyclisation of a compound of formula II to a compound of formula (I) wherein Het is 
10 of sub-formula (ia) (that is: to a compound of Formula I(ia), i.e. to an optionally 

substituted l,3,4-oxadiazol-2-yl derivative at the 5-position of the pyrazolopyridine ring 
system), for example in the presence of a dehydrating agent such as phosphorus 
oxychloride or Burgess reagent, or 

15 (b) reaction of a compound of formula IXa with an amine of formula R 3 R 3a NH to form a 
compound of formula (I), preferably in a solvent (e.g. organic solvent) and/or preferably * 
in the presence of a base, or 

(c) cyclisation of a compound of formula II to a compound of formula (T) wherein Het is 
20 of sub-formula (ib) (i.e. to a compound of Formula XII i.e. to an optionally substituted 
l,3,4-thiadiazol-2-yl derivative at the 5-position of the pyrazolopyridine ring system), for 
example in the presence of an agent capable of introducing sulfur such as Lawessoris 
reagent, or 

25 (d) reaction of a compound of formula VI, wherein rA- is C^galkyl such as Et, with an 
amidoxime of formula R^C(=NOH)NH2 or a sa h thereof, preferably in the presence of a 
base such as sodium ethoxide and/or preferably in a suitable solvent (e.g. anhydrous 
and/or organic solvent) such as ethanol; or 

30 (e) reaction of a compound of formula XV with an acetimidate R x -C(=NH)OR E , where 
RE is Ci^galkyl, to prepare a compound of formula (I) wherein Het is of sub-formula (if) 
(i.e. to a compound of Formula XTV, i.e. to an optionally substituted 1,2,4-triazol- 3-yl or 
5-yl derivative at the 5-position of the pyrazolopyridine ring system), preferably in the 
presence of a base (such as triethylamine or sodium ethoxide) and/or in a suitable solvent 

35 (e.g. anhydrous and/or organic solvent) such as ethanol; or 



P33153 PCT 



-68- 



10 



(f)(i) converting directly or indirectly a compound of Formula III to a compound of 
formula (I) wherein Het is of sub-formula (id); and/or (f)(ii) dehydrogenating a 
compound of formula (I), wherein Het is of sub-formula (va) in which R^l and rX 1 are 
H and RX1 is RX and RY1 is rY^ to a compound of formula (I) wherein Het is of sub- 
formula (id); or 

(f)(iii) cyclisation of a compound of Formula XXVIH, for example in the presence of 
Burgess reagent and/or preferably in a suitable solvent, to prepare a compound of formula 
(I) wherein Het is of sub-formula (va); or 



(g) reaction of a compound of the Formula XVH with an amine ofFormulaRlORllNH 
under coupling conditions, to prepare a compound of formula (I) wherein Het is of 
sub-formula (ic) and R* is -CH 2 C(O)NR10r1 1 (i.e. to prepare a compound of Formula 

XVI), the reaction preferably being carried out in the presence of a base such as 
15 diisopropylethylamine, and/or preferably in a suitable solvent (e.g. organic solvent, 
preferably anhydrous) such as DMF and/or dicloromethane, and/or preferably in the 
presence of oxalyl chloride; or 

(h) conversion of a compound of Formula XX into a compound of formula (I) wherein 
20 Het is of sub-formula (ic) and R x is -CH2~NR 6 R 7 wherein R 7 is C(0)R 17 (i.e. into a 

compound of Formula XIX), preferably either by reaction of the compound of Formula 
XX with a carboxylic acid R 17 COOH in the presence of a coupling agent, and/or by 
reaction of the compound of Formula XX with an activated derivative of the carboxylic . 
acid moiety of R 17 COOH (e.g. R 17 C(0)C1), preferably in the presence of a base and/or a 
25 suitable solvent; or 

(i) reaction of a compound of Formula XX with a sulphonyl chloride R 18 S(0) 2 C1 to 
prepare a compound of formula (I) wherein Het is of sub-formula (ic) and R.X is 
-CH2-NR 6 R 7 wherein R 7 is -S(0)2R 18 (i.e. to prepare a compound of Formula XXII), 

30 preferably in the presence of a base such as triethylamine and/or pyridine, and/or 
preferably in a suitable solvent such as dichloromethane and/or chloroform; or 

(j) reaction of a compound of Formula XX wherein R^ = H with an acid chloride of 
formula xJ-(CH2) n 5 -X 5 -(CH 2 )( n 6 -i)-COCl, where X J is a leaving group (X J preferably 

35 being a halogen atom or -0-SC>2-R J where R J is Ci^alkyl, Ci_2fluoroalkyl, or phenyl 
optionally substituted by Ci-2aflcyi)» to prepare a compound of formula (I) wherein Het is 
of sub-formula (ic) and R x is -CH2-NR 6 R 7 wherein R 6 and R 7 together are 
-(CH2) n 5 -X 5 -(CH2)n 6 - in which n 5 and n 6 independently are 2 or 3, and wherein the 
ring formed by NR 6 R 7 is substituted by one oxo (=0) substituent at a carbon atom within 

40 (CH 2 ) n ^ which carbon atom is bonded to the nitrogen (i.e. to prepare a compound of 
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15 



30 



Formula XXIE); the reaction preferably being in the presence of a base and/or in a 
suitable solvent, and/or preferably being followed by treatment with a base; or 

(k) reaction of a compound of Formula XXV with rXC(P)X^ where X^ is a leaving 
group, to prepare a compound of formula (I) wherein Het is of sub-formula (iia) (i.e. to 
prepare a compound of Formula XXIV); or 

(L) conversion of a compound of formula (I) or a salt thereof into a different compound 
of formula (I) or a salt thereof; 

and optionally converting the compound of formula (I) into a salt e.g. a pharmaceutically 
acceptable salt. 

Salt formation processes may optionally be as described elsewhere herein. 



Preferred features of methods (a), (b), (c), (d), (e), (f)(i), (f)(ii), (f)(iii), (g), (h), (i), Q), 
(k), and (L), independently of each other, are preferably as described above for Processes 
A, B, C, D, E, F, G, H, I, J, K, and L with all necessary changes being made. For 
example, the conversion process (L) preferably comprises or is one or more of processes 
20 LI to L10 described herein, e.g. hereinabove. 

In any of the methods which involve reaction of a carboxylic acid and/or an activated 
carboxylic acid derivative with an amine to form an amide, the activated carboxylic acid 
derivative preferably comprises a -C(0)Xl * group in place of the COOH, wherein X* * is 
25 a leaving group substitutable by an amine. For example X* 1 can be CI (wherein the 

activated derivative = the acid chloride) or -OC(0)R (wherein the activated derivative = 
an anhydride). Alternatively, the activated carboxylic acid derivative can be an activated 
ester wherein the leaving group X* * is 

N t ^rT^) X^CHorN 



N 

/ 

-O 



The latter activated carboxylic acid derivative can be formed from the carboxylic acid 
(X 11 -OH) either: 

(a) by reaction of the carboxylic acid with a carbodiimide such as EDC, which is 1 -ethyl- 
3-(3 f -dimethylaminopropyl)carbodiimide and is also l-(3-dimethylaminopropyl)-3- 
35 ethylcarbodiimide, or a salt thereof e.g. hydrochloride salt, 

preferably followed by reaction of the resulting product with 1-hydroxybenzotriazole 
(HOBT); reaction (a) usually being carried out in the presence of a solvent (preferably 
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anhydrous) such as dimethyl formamide (DMF) or acetonitrile and/or preferably under 
anhydrous conditions and/or usually at room temperature (e.g. about 20 to about 25 °C); 
or 

(b) by reaction with 2-(lH-benzotriazole-l-yl)-lJ,33-te1xamethyteoiiiiim 
5 tetrafluoroborate (TBTU) or 0-(7-Azabenzotriazol-l-yl)^^ 

hexafluorophosphate (HATU) , preferably in the presence of a base such as 
(Uisopropylethylamine ^P^NEt = DIPEA), and usually in the presence of a solvent such 

as dimethyl formamide (DMF) or acetonitrile and/or preferably under anhydrous 
conditions and/or usually at room temperature (e.g. about 20 to about 25 °C). 

10 

The present invention also provides: (m) a method of preparing a pharmaceutically 
acceptable salt of a compound of formula (I) comprising conversion of the compound of 
formula (I) or a salt thereof into the desired pharmaceutically acceptable salt thereof. 

The present invention also provides a compound of formula (T) or a salt thereof, prepared 
by a method as defined herein. 




Medical uses 



20 



The present invention also provides a compound of formula (T) or a pharmaceutically 
acceptable salt thereof for use as an active therapeutic substance in a mammal such as a 
human. The compound or salt can be for use in the treatment and/or prophylaxis of any 
of the diseases / conditions described herein (e.g. for use in the treatment and/or 
25 prophylaxis of an inflammatory and/or allergic disease in a mammal) and/or for use as a 
phosphodiesterase inhibitor e.g. for use as a phosphodiesterase 4 (PDE4) inhibitor. 
"Therapy" may include treatment and/or prophylaxis. 

Also provided is the use of a compound of formula (I) or a pharmaceutically acceptable 
30 salt thereof in the manufacture of a medicament (e.g. pharmaceutical composition) for the 
treatment and/or prophylaxis of any of the diseases / conditions described herein in a 
mammal such as a human, e.g. for the treatment and/or prophylaxis of an inflammatory 
and/or allergic disease in a mammal such as a human. 

35 Also provided is a method of treatment and/or prophylaxis of any of the diseases / 

conditions described herein in a mammal (e.g. human) in need thereof, e.g. a method of 
treatment and/or prophylaxis of an inflammatory and/or allergic disease in a mammal 
(e.g. human) in need thereof, which method comprises administering to the mammal (e.g. 
human) a therapeutically effective amount of a compound of formula (I) as herein defined 

40 or a pharmaceutically acceptable salt thereof. 
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Phosphodiesterase 4 inhibitors are thought to be useful in the treatment and/or 
prophylaxis of a variety of diseases / conditions, especially inflammatory and/or allergic 
diseases, in mammals such as humans, for example: asthma, chronic obstructive 
pulmonary disease (COPD) (e.g. chronic bronchitis and/or emphysema), atopic 
5 dermatitis, urticaria, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, 

eosinophilic granuloma, psoriasis, rheumatoid arthritis, septic shock, ulcerative colitis, 
Crohn's disease, reperfiision injury of the myocardium and brain, chronic 
glomerulonephritis, endotoxic shock, adult respiratory distress syndrome, multiple 
sclerosis, cognitive impairment (e.g. in a neurological disorder such as Alzheimer's 
10 disease), depression, or pain. Ulcerative colitis and/or Crohn's disease are collectively 
often referred to as inflammatory bowel disease. 

In the treatment and/or prophylaxis, the inflammatory and/or allergic disease is preferably 
chronic obstructive pulmonary disease (COPD), asthma, rheumatoid arthritis or allergic 
15 rhinitis in a mammal (e.g. human). More preferably, the treatment and/or prophylaxis is 
of COPD or asthma in a mammal (e.g. human). 

PDE4 inhibitors are thought to be effective in the treatment of asthma (e.g. see 
M.A.Giembycz, Drugs, Feb. 2000, 59(2), 193-212; Z. Huang et al., Current Opinion in 
20 Chemical Biology, 2001, 5: 432-438; H J.Dyke et al., Expert Opinion on Investigational 
Drugs, January 2002, 11(1), 1-13; CBumouf et al., Current Pharmaceutical Design, 
2002, 8(14), 1255-1296; A.M.Doherty, Current Opinion Chem. Biol, 1999, 3(4), 466- 
473; and refs cited therein). 

25 PDE4 inhibitors are thought to be effective in the treatment of COPD (e.g. see SX. 
Wolda, Emerging Drugs, 2000, 5(3), 309-319; Z. Huang et al., Current Opinion in 
Chemical Biology, 2001, 5: 432-438; HJ.Dyke et al., Expert Opinion on Investigational 
Drugs, January 2002, 11(1), 1-13; CBumouf et al., Current Pharmaceutical Design, 
2002, 8(14), 1255-1296; A.M.Doherty, Current Opinion Chem. Biol, 1999, 3(4), 466- 

30 473; and refs cited therein). COPD is often characterised by the presence of airflow 
obstruction due to chronic bronchitis and/or emphysema (SL Wolda, Emerging Drugs, 
2000, 5(3), 309-319). 

PDE4 inhibitors are thought to be effective in the treatment of allergic rhinitis (e.g. see 
35 B.M. Schmidt et al., J. Allergy & Clinical Immunology, 108(4), 2001, 530-536). 

PDE4 inhibitors are thought to be effective in the treatment of rheumatoid arthritis and 
multiple sclerosis (e.g. see HJ.Dyke et al., Expert Opinion on Investigational Drugs, 
January 2002, 1 1(1), 1-13; CBumouf et al., Current Pharmaceutical Design, 2002, 
40 8(14), 1255-1296; and A.M.Doherty, Current Opinion Chem. Biol, 1999, 3(4), 466-473; 
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and refs cited therein). See e.g. A.M.Doherty, Current Opinion Chem. Biol, 1999, 3(4), 
466-473 and refs cited therein for atopic dermatitis use. 

PDE4 inhibitors have been suggested as having analgesic properties and thus being 
effective in the treatment of pain (A.Kumar et al., Indian J. Exp. Biol, 2000, 38(1), 26- 
30). 

In the invention, the treatment and/or prophylaxis can be of cognitive impairment e.g. 
cognitive impairment in a neurological disorder such as Alzheimer's disease. For 
example, the treatment and/or prophylaxis can comprise cognitive enhancement e.g. in a 
neurological disorder. See for example: H.T.Zhang et al. in: Psychopharmacology, June 
2000, 150(3), 311-316 and Neuropsychopharmacology 7 2000, 23(2), 198-204; andT. 
Egawa et al., Japanese J. Pharmacol, 1997 75(3), 275-81. 

PDE4 inhibitors such as rolipram have been suggested as having antidepressant 
properties (e.g. J. Zhu et al., CNS Drug Reviews, 2001, 7(4), 387-398; O'Donnell, Expert 
Opinion on Investigational Drugs, 2000, 9(3), 621-625; and H.T. Zhang et al., 
Neuropsychopharmacology, October 2002, 27(4), 587-595). 



Pharmaceutical compositions and dosing 

For use in medicine, the compounds of the present invention are usually 
administered as a pharmaceutical composition. 

The present invention therefore provides in a further aspect a pharmaceutical 
composition comprising a compound of formula (I) or a pharmaceutical^ acceptable salt 
thereof and one or more pharmaceutically acceptable carriers and/or excipients. 

The pharmaceutical composition can be for use in the treatment and/or 
prophylaxis of any of the conditions described herein. 

The invention also provides a method of preparing a pharmaceutical composition 
comprising a compound of formula (T), as herein defined, or a pharmaceutically 
acceptable salt thereof, and one or more pharmaceutically acceptable carriers and/or 
excipients, 

the method comprising mixing the compound or salt with the one or more 
pharmaceutically acceptable carriers and/or excipients. 

The invention also provides a pharmaceutical composition prepared by said 
method. 

The compounds of formula (I) and/or the pharmaceutical composition may be 
administered, for example, by oral, parenteral (e.g. intravenous, subcutaneous, or 
intramuscular), inhaled or nasal administration. Accordingly , the pharmaceutical 
composition is preferably suitable for oral, parenteral (e.g. intravenous, subcutaneous, or 
intramuscular), inhaled or nasal administration. More preferably, the pharmaceutical 
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composition is suitable for inhaled or oral administration, e.g. to a mammal such as a 
human. Inhaled administration involves topical administration to the lung e.g. by aerosol 
or dry powder composition. Oral administration to a human is most preferred. 

A pharmaceutical composition suitable for oral administration can be liquid or 
5 solid; for example it can be a syrup, suspension or emulsion, a tablet, a capsule or a 
lozenge. 

A liquid formulation will generally consist of a suspension or solution of the 
compound or pharmaceutically acceptable salt in a suitable pharmaceutically acceptable 
liquid carrier(s), for example an aqueous solvent such as water, ethanol or glycerine, or a 
10 non-aqueous solvent, such as polyethylene glycol or an oil. The formulation may also 
contain a suspending agent, preservative, flavouring and/or colouring agent. 

In one preferable embodiment, the pharmaceutical composition is in unit dose 
form such as a tablet or capsule for oral administration, e.g. for oral administration to a 
human. 

15 A pharmaceutical composition suitable for oral administration being a 

tablet can comprise one or more pharmaceutically acceptable carriers and/or excipients 
suitable for preparing tablet formulations. The carrier can for example be or include 
lactose, cellulose (for example microcrystalline cellulose), or mannitol. The tablet can 
also or instead contain one or more pharmaceutically acceptable excipients, for example a 

20 binding agent such as hydroxypropylmethylcellulose or povidone (polyvinylpyrollidone), 
a lubricant e.g. an alkaline earth metal stearate such as magnesium stearate, and/or a 
tablet disintegrant such as sodium starch glycollate, croscarmellose sodium, or 
crospovidone (cross-linked polyvinylpyrollidone). The pharmaceutical composition 
being a tablet can be prepared by a method comprising the steps of: (i) mixing the 

25 compound of formula (I), as herein defined, or a pharmaceutically acceptable salt thereof, 
with the one or more pharmaceutically acceptable carriers and/or excipients, (ii) 
compressing the resulting mixture (which is usually in powder form) into tablets, and (iii) 
optionally coating the tablet with a tablet film-coating material. 

A pharmaceutical composition suitable for oral admiiiistration being a capsule can 

30 be prepared using encapsulation procedures. For example, pellets or powder containing 
the active ingredient can be prepared using a suitable pharmaceutically acceptable carrier 
and then filled into a hard gelatin capsule. Alternatively, a dispersion or suspension can 
be prepared using any suitable pharmaceutically acceptable carrier, for example an 
aqueous gum or an oil and the dispersion or suspension then filled into a soft gelatin 

35 capsule. 

A parenteral composition can comprise a solution or suspension of the compound 
or pharmaceutically acceptable salt in a sterile aqueous carrier or parenterally acceptable 
oil. Alternatively, the solution can be lyophilised; the lyophilised parenteral 
pharmaceutical composition can be reconstituted with a suitable solvent just prior to 
40 administration. 

Compositions for nasal or inhaled administration may conveniently be formulated 
as aerosols, drops, gels or dry powders. 
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Aerosol formulations, e.g. for inhaled administration, can comprise a solution or 
fine suspension of the active substance in a pharmaceutically acceptable aqueous or non- 
aqueous solvent. Aerosol formulations can be presented in single or multidose quantities 
in sterile form in a sealed container, which can take the form of a cartridge or refill for 
5 use with an atomising device or inhaler. Alternatively the sealed container may be a 

unitary dispensing device such as a single dose nasal inhaler or an aerosol dispenser fitted 
with a metering valve (metered dose inhaler) which is intended for disposal once the 
contents of the container have been exhausted. 

Where the dosage form comprises an aerosol dispenser, it preferably contains a 

10 suitable propellant under pressure such as compressed air, carbon dioxide, or an organic 
propellant such as a chlorofluorocarbon (CFC) or hydrofluorocarbon (HFC). Suitable 
CFC propellants include dichlorodifluoromethane, trichlorofluoromethane and 
dichlorotetrafluoroethane. Suitable HFC propellants include 1 , 1 , 1 ,2,3 ,3 ,3 - 
heptafluoropropane and 1,1,1,2-tetrafluoroethane. The aerosol dosage forms can also 

15 take the form of a pump-atomiser. 

Particle size reduction of compound of formula (I) or salt thereof 

For pharmaceutical compositions suitable and/of adapted for inhaled 
administration, it is preferred that the compound or salt of formula (T) is in a particle-size- 

20 reduced form, and more preferably the size-reduced form is obtained or obtainable by 

micronisation. Micronisation usually involves subjecting the compound/salt to collisional 
and abrasional forces in a fast-flowing circular or spiral/vortex-shaped airstream often 
including a cyclone component. The preferable particle size (e.g. D50 value) of the size- 
reduced (e.g. micronised) compound or salt is about 0.5 to about 10 microns, e.g. about 1 

25 to about 5 microns (e.g. as measured using laser diffraction). For example, it is 

preferable for the compound or salt of formula (T) to have a particle size defined by: a 
D10 of about 0.3 to about 3 microns (e.g. about 1 micron), and/or a D50 of about 1 to 
about 5 microns (e.g. about 2-5 or about 2-3 microns), and/or a D90 of about 2 to about 
20 microns or about 3 to about 10 microns (e.g. about 5-8 or about 5-6 microns); for 

30 example as measured using laser diffraction. The laser diffraction measurement can use a 
dry method (suspension of compound/salt in airflow crosses laser beam) or a wet method 
[suspension of compound/salt in liquid dispersing medium, such as isooctane or (e.g. if 
compound soluble in isooctane) 0.1% Tween 80 in water, crosses laser beam]. With laser 
diffraction, particle size is preferably calculated using the Fraunhofer calculation; and/or 

35 preferably a Malvern Mastersizer or Sympatec apparatus is used for measurement. 

An illustrative non-limiting example of a small-scale micronisation process is now given: 
Micronisation Example 



40 



Purpose: To micronize a compound of formula (I) or a salt thereof — in particular one 
of the Examples of the invention (described hereinafter) — usually in an amount of 
approximately 600-1000 mg, using a JetpharmaMCl micronizer. 
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• The parent (unmicronised) and micronised materials are analyzed for particle size by 
laser diffraction and crystallinity by PXRD. 

Equipment and material 



The Jetpharma MCI Micronizer comprises a horizontal disc-shaped milling housing 
having: a tubular compound inlet (e.g. angled at ca. 30degrees to the horizontal) for entry 
of a suspension of unmicronised compound of formula (I) or salt in an gasflow, a separate 
gas inlet for entry of gases, a gas outlet for exit of gases, and a collection vessel for 
collecting micronised material. The milling housing has two chambers: an outer annular 
chamber in gaseous connection with the gas inlet the chamber being for receiving 
pressurised gas (e.g. air or nitrogen), an disc-shaped inner milling chamber within and 
coaxial with the outer chamber for micronising the input compound / salt, the two 
chambers being separated by an annular wall. The annular wall (ring R) has a plurality of : 
narrow-bored holes connecting the inner and outer chambers and circumferentially- 
spaced-apart around the annular walL . The holes open into the inner chamber directed at 
an angle (directed part-way between radially and tangentially), and in use act as nozzles . 
directing pressurised gas at high velocity from the outer chamber into the inner chamber 
and in an inwardly-spiral path (vortex) around the inner chamber (cyclone). The 
compound inlet is is gaseous communication with the inner chamber via a nozzle directed 
tangentially to the inner chamber, within and near to the annular wall. Upper and lower 
broad-diameter exit vents in the central axis of the the inner milling chamber connect to 
(a) (lower exit) the collection vessel which has no air outlet, and (b) (upper exit) the gas 
outlet which leads to a collection bag, filter and a gas exhaust. Inside the tubular 
compound inlet and longitudinally-movable within it is positioned a venturi inlet (V) for 
entry of gases. The compound inlet also has a bifurcation connecting to an upwardly- 
directed material inlet port for inputting material. 

In use, the narrow head of the venturi inlet (V) is preferably positioned below and 
slightly forward of the material inlet port so that when the venturi delivers pressurised gas 
(eg air or nitrogen) the feed material is sucked into the gasstream thorough the compound 
inlet and accelerates it into the inner milling chamber tangentially at a subsonic speed. 
Inside the milling chamber the material is further accelerated to a supersonic speed by the 
hole/nozzle system around the ring (R ) (annular wall) of the milling chamber. The 
nozzles are slightly angled so that the acceleration pattern of the material is in the form of 



Equipment/material 
Jetpharma MCI Micronizer 



Description and specification 

Nitrogen supply: Air tank with 275psi 

rate tubing 

Sartorius Analytical 

Mettler PM400 

VWR Electronic caliper 

Auto-spat Dispenser 

(not yet performed) 



Analytical balance 
Top loader balance 
Digital Caliper 



Vibrational spatula 
Materials to be micronised 
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an inwardly-directed vortex or cyclone. The material inside the milling chamber 
circulates rapidly and particle collisions occur during the process, causing larger particles 
to fracture into smaller ones. "Centrifugal" acceleration in the vortex causes the larger 
particles to remain at the periphery of the inner chamber while progressively smaller 
particles move closer to the center until they exit the milling chamber, generally through 
the lower exit, at low pressure and low velocity. The particles that exit the milling 
chamber are heavier than air and settle downward thorugh the lower exit into the 
collection vessel, while the exhaust gas rises (together with a miinority of small particles 
of micronised material) and escapes into the atmosphere at low pressure and low.velocity. 

Procedure: 

The micronizer is assembled. The venturi protrusion distance from input port is 
adjusted to 1 .Ocm respectively (e.g. so that the narrow head of the venturi inlet is 
positioned below and slightly forward of the material inlet port) and is measured with a 
micro-caliper to make sure that it is inserted correctly. The ring (R ) and venturi (V) 
pressures are adjusted according to the values specified in the experimental design (refer 
to experimental section below) by adjusting the valves on the pressure gauges on the 
micronizer. The setup is checked for leakage by observing if there is any fluctuation in 
the reading of the pressure gauges. 

Note that the venturi (V) pressure is kept at least 2 bars greater than the ring (R ) 
pressure to prevent regurgitation of material, e.g. outwardly from the material inlet port. 

Balance performance is checked with calibration weights. Specified amount of 
the parent material (see section on experimental run) is weighed into a plastic weigh boat.. 
The material is then fed into the micronizer using a vibrational spatula (e.g. V-shaped in 
cross-section) at a specified feed rate. The material feeding time and equipment pressures 
are monitored during the micronization process. 

Upon completion of the micronising run, the nitrogen supply is shut off and the 
collection bag is tapped to allow particles to settle into the recovery / collection vessel at 
the bottom of the micronizer. The collection bag is removed and set aside. The. 
micronised powder in the recovery vessel (collection vessel) and the cyclone (above the 
recovery vessel) are collected separately into different weighed+labelled collection vials. 
The weight of the micronised material is recorded. The micronizer is disassembled and 
residual PDE4 compound on the micronizer inner surface is rinsed with 70/30 isopropyl 
alcohol / water and collected into a flask. The micronizer is then thoroughly cleaned by 
rinsing and wiping with suitable solvent and dried before subsequent runs are performed. . 

Preferred Experimental Parameters 
Balance(s) Used: Sartorius analytical 
Venturi outlet insertion depth: 10.0 mm 



Proc- Material Venturi (V) Intended Time Actual feed-rate 

edure input /ring(R) feed-rate needed to (g/min) 

no. amount (g) Pressure feed 
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(bar) material 

(min+sec) 

1 0.8795g V= 1 0 bar 200 mg/min 4 min 51 0.181 g/min 

R= 6 bar sec 

2 0.9075g V=8bar 200 mg/min 4min43 192 mg/min 

R= 5.5 bar sec 

The above preferred or optional parameters can be varied using the skilled person's 
knowledge. 

Yield calculations 

% yield = [(Material from vessel + Material from cyclone)/Material input amount] xlOO 
In general, very approximately 50-75 % yields are achievable using this method. 



10 

Dry powder inhalable compositions 

For pharmaceutical compositions suitable and/or adapted for inhaled 
administration, it is preferred that the pharmaceutical composition is a dry powder 
inhalable composition. Such a composition can comprise a powder base such as lactose , 

15 or starch, the compound of formula (I) or salt thereof (preferably in particle-size-reduced 
form, e.g. in micronised form), and optionally a performance modifier such as L-leucine, 
mannitol, trehalose and/or magnesium stearate. Preferably, the dry powder inhalable 
composition comprises a dry powder blend of lactose and the compound of formula (T) or . 
salt thereof. The lactose is preferably lactose hydrate e.g. lactose monohydrate and/or is - 

20 preferably inhalation-grade and/or fine-grade lactose. Preferably, the particle size of the - 
lactose is defined by 90% or more (by weight or by volume) of the lactose particles being 
less than 1000 microns (micrometres) (e.g. 10-1000 microns e.g. 30-1000 microns) in 
diameter, and/or 50% or more of the lactose particles being less than 500 microns (e.g. 
10-500 microns) in diameter. More preferably, the particle size of the lactose is defined 

25 by 90% or more of the lactose particles being less than 300 microns (e.g. 10-300 microns 
e.g. 50-300 microns) in diameter, and/or 50% or more of the lactose particles being less 
than 100 microns in diameter. Optionally, the particle size of the lactose is defined by 
90% or more of the lactose particles being less than 100-200 microns in diameter, and/or 
50% or more of the lactose particles being less than 40-70 microns in diameter. Most 

30 importantly, it is preferable that about 3 to about 30% (e.g. about 10%) (by weight or by 
volume) of the particles are less than 50 microns or less than 20 microns in diameter. For 
example, without limitation, a suitable inhalation-grade lactose is E9334 lactose (10% 
fines) (Borculo Domo Ingredients, Hanzeplein 25, 8017 ID Zwolle, Netherlands). 

In the dry powder inhalable composition, preferably, the compound of formula (T) 

35 or salt thereof is present in about 0.1% to about 70% (e.g. about 1% to about 50%, e.g. 
about 5% to about 40%, e.g. about 20 to about 30%) by weight of the composition. 
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An illustrative non-limiting example of a dry powder inhalable composition 
follows: 

Dry Powder Formulation Example - Dry powder Lactose Blend Preparation 
5 Using a size-reduced e.g. micronised form of the compound of formula (I) or salt thereof 
(e.g. as prepared in the Micronisatrion Example above), the dry powder blend is prepared 
by mixing the required amount of the compound/salt (e.g. 10 mg, 1% w/w) with 
inhalation-grade lactose containing 10% fines (e.g. 990 mg, 99% w/w) in a Teflon™ 
(polytetrafluoroethene) pot in a Mikro-dismembrator ball-mill (but without a ball bearing) 

10 at V* speed (ca. 2000-2500 rpm) for about 4 hours at each blend concentration. The 
Mikro-dismembrator (available from B. Braun Biotech International, Schwarzenberger 
Weg 73-79, D-34212 Melsungen, Germany; www.bbraunbiotech.com) comprises a base 
with an upwardly-projecting and sidewardly-vibratable arm to which is attached the 
Teflon ™ pot. The vibration of the arm achieves blending. 

15 Other blends: 10% w/w compound/salt (50 mg) + 90% w/w lactose (450 mg, 

inhalation-grade lactose containing 10% fines). 

Serial dilution of the 1% w/w blend can achieve e.g. 0.1% and 0.3% w/w blends. 



20 

Dry powder inhalation devices 

Optionally, in particular for dry powder inhalable compositions, a pharmaceutical 
composition for inhaled administration can be incorporated into a plurality of sealed dose 
containers (e.g. containing the dry powder composition) mounted longitudinally in a strip 

25 or ribbon inside a suitable inhalation device. The container is rupturable or peel-openable 
on demand and the dose, e.g. of the dry powder composition, can be administered by 
inhalation via a device such as the DISKUS ™ device, marketed by GlaxoSmithKline. 
The DISKUS ™ inhalation device is usually substantially as described in GB 2,242,134 
A, and in such device at least one container for the pharmaceutical composition in 

30 powder form (the at least one container preferably being a plurality of sealed dose 

containers mounted longitudinally in a strip or ribbon) is defined between two members 
peelably secured to one another; the device comprises: means defining an opening station 
for the said at least one container; means for peeling the members apart at the opening 
station to open the container; and an outlet, communicating with the opened container, 

35 through which a user can inhale the pharmaceutical composition in powder form from the 
opened container. 

Unit dose form and dosing regimens 

Preferably the composition is in unit dose form such as a tablet or capsule for oral 
40 administration, e.g. for oral administration to a human. 

In the pharmaceutical composition, a or each dosage unit for oral or parenteral 
administration preferably contains from 0.01 to 3000 mg, more preferably 0.5 to 1000 
mg, of a compound of the formula (I) or apharmaceutically acceptable salt thereof, 
calculated as the free base. A or each dosage unit for nasal or inhaled administration 
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preferably contains from 0.001 to 50 mg, more preferably 0.01 to 5 mg, of a compound of 
the formula (I) or a pharmaceutically acceptable salt thereof, calculated as the free base. 

Apharmaceuticaily acceptable compound or salt of the invention is preferably 
administered to a mammal (e.g. human) in a daily oral or parenteral dose of 0.001 mg to 
5 50 mg per kg body weight per day (mg/kg/day), for example 0.01 to 20 mg/kg/day or 
0.03 to 10 mg/kg/day or 0.1 to 2 mg/kg/day, of the compound of the formula (I) or a 
pharmaceutically acceptable salt thereof, calculated as the free base. 

Apharmaceuticaily acceptable compound or salt of the invention is preferably 
administered to a mammal (e.g. human) in a daily nasal or inhaled dose of: 0.0001 to 5 
10 mg/kg/day or 0.0001 to 1 mg/kg/day, e.g. 0.001 to 1 mg/kg/day or 0.001 to 0.3 mg/kg/day 
or 0.001 to 0.1 mg/kg/day or 0.005 to 0.3 mg/kg/day, of the compound of the formula (I) 
or a pharmaceutically acceptable salt thereof, calculated as the free base. 

The pharmaceutically acceptable compounds or salts of the invention is preferably 
administered in a daily dose (for an adult patient) of, for example, an oral or parenteral 
15 dose of 0.01 mg to 3000 mg per day or 0.5 to 1000 mg per day e.g. 2 to 500 mg per day, 
or a nasal or inhaled dose of 0.001 to 300 mg per day or 0.001 to 50 mg per day or 0.01 to 
30 mg per day or 0.01 to 5 mg per day or 0.02 to 2 mg per day, of the compound of the 
formula (T) or a pharmaceutically acceptable salt thereof, calculated as the free base. 



20 



Combinations 



The compounds, salts and/or pharmaceutical compositions according to the invention 
may also be used in combination with another therapeutically active agent, for example, a 
25 p 2 adrenoreceptor agonist, an anti-mstamine, an anti-allergic or an anti-inflammatory 
agent. 

The invention thus provides, in a further aspect, a combination, comprising a compound 
of formula (T) or a pharmaceutically acceptable salt thereof together with another 
30 therapeutically active agent, for example, a p 2 -adrenoreceptor agonist, an anti-Wstamine, 
an anti-allergic, an anti-inflammatory agent or an antiinfective agent. 

Preferably, the P 2 -adrenoreceptor agomst is salmeterol (eg as racemate or a single 
enantiomer such as the R-enantiomer), salbutamol, formoterol, salmefamol, fenoterol or 

35 terbutaline, or a salt thereof (e.g. pharmaceutically acceptable salt thereof), for example 
the xinafoate salt of salmeterol, the sulphate salt or free base of salbutamol or the 
fumarate salt of formoterol. Long-acting P 2 -adrenoreceptor agonists are preferred, 
especially those having a therapeutic effect over a 12-24 hour period such as salmeterol 
or formoterol. Preferably, the P 2 -adrenoreceptor agonist is for inhaled administration, 

40 e.g. once per day and/or for simultaneous inhaled administration; and more preferably the 
P 2 -adrenoreceptor agonist is in particle-size-reduced form e.g. as defined herein. 
Preferably, the p -adrenoreceptor agonist combination is for treatment and/or 
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prophylaxis of COPD or asthma Salmeterol or a pharmaceutically acceptable salt 
thereof, e.g. salmeterol xinofoate, is preferably administered to humans at an inhaled dose 
of 25 to 50 micrograms twice per day (measured as the free base). The combination with 
a p 2 -adrenoreceptor agonist can be as described in WO 00/12078. 

5 

Preferred long acting p 2 -adrenoreceptor agonists include those described in WO 
02/066422A, WO 03/024439, WO 02/070490 and WO 02/076933. 

Especially preferred long-acting p 2 -adrenoreceptor agonists include compounds of 
10 formula (X) (described in WO 02/066422) (note that the R groups therein are defined 
. independently of the corresponding R groups of formula (T)) : 
HOCH 2 





CHCH 2 NHCR 14 R 15 (CH 2 )— OH-(CH 2 ) n ^ ( ^ (x) 

OH 

or a salt or solvate thereof, wherein in formula (X): 
m is an integer of from 2 to 8; 
15 n is an integer of from 3 to 1 1, 

with the proviso that m + n is 5 to 19, 

R 11 is -XS0 2 NR 16 R 17 wherein X is -(CH 2 ) P - or c 2-6 alkenylene; 

R 16 and R 17 are independently selected from hydrogen, Ci^alkyl, C 3 -7cycloalkyl, 

C(0)NR 18 R 19 , phenyl, and phenyl (Ci^alkyl)-, 
20 or R 16 and R 17 , together with the nitrogen to which they are bonded, form a 5-, 6-, or 7- 

membered nitrogen containing ring, and R 16 and R 17 are each optionally substituted by 

one or two groups selected from halo, Ci^alkyl, d-ehaloalkyl, Ci^alkoxy, hydroxy- 

substituted C^alkoxy, -C0 2 R 18 , -S0 2 NR l8 R 19 , -CONR l8 R 19 , -NR 18 C(0)R 19 , or a 5-, 6- 

or 7-membered heterocylic ring; 
25 R 18 and R 19 are independently selected from hydrogen, Ci^alkyl, 

C 3 ^cycloalkyl, phenyl, and phenyl (Ci^alkyl)-; and 

p is an integer of from 0 to 6, preferably from 0 to 4; 

R 12 and R 13 are independently selected from hydrogen, Ci- 6 alkyl, Ci- 6 alkoxy, halo, 
phenyl, and Ci^haloalkyl; and 
30 R 14 and R 15 are independently selected from hydrogen and Ci^alkyl with the proviso that 
the total number of carbon atoms in R 14 and R 15 is not more than 4. 

Preferred P 2 -adrenoreceptor agonists disclosed in WO 02/066422 include: 
3-(4-{[6-({(2R)-2-hydroxy-2-[4-hydroxy-3-(hydroxymethyl)- 
35 phenyl]ethyl}amino)hexyl]oxy}butyl)benzenesulfonamide and 

3-(3_{[7_({(2R)-2-hydroxy-2-[4-hycfroxy-3-hydroxymethyl)phenyl] 
amino)heptyl]oxy}propyl)benzenesulfonamide. 
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A preferred P 2 -adrenoreceptor agonist disclosed in WO 03/024439 is: 

4- {(l#)-2-[(6- {2-[(2,6-dicta 

(hydroxymethyl)phenol. 

5 

A combination of a compound of formula (I) or salt together with an anti-histamine is 
preferably for oral administration (e.g. as a combined composition such as a combined 
tablet), and can be for treatment and/or prophylaxis of allergic rhinitis. Examples of anti- 
histamines include methapyrilene, or HI antagonists such as cetirizine, loratadine (e.g. 
10 Clarityn ™), desloratadine (e.g. Clarinex ™) or fexofenadine (e.g. Allegra ™). 

The invention also provides, in a further aspect, a combination comprising a compound of 
0 formula (I) or a pharmaceutically acceptable salt thereof together with an anticholinergic 

) compound, e.g. a muscarinic (M) receptor antagonist in particular an Mi, M2, M1/M2, or 

15 M3 receptor antagonist, more preferably a M3 receptor antagonist, still more preferably a 
M3 receptor antagonist which selectively antagonises (e.g. antagonises 10 times or more 
strongly) the M3 receptor over the M\ and/or M2 receptor. For combinations of 
anticholinergic compounds / muscarinic (M) receptor antagonists with PDE4 inhibitors, 
see for example WO 03/011274 A2 and WO 02/069945 A2 / US 2002/0193393 Al and 

20 US 2002/052312 Al, and some or all of these publications give examples of 
anticholinergic compounds / muscarinic receptor antagonists which may be used with the 
compounds of formula (I) or salts, and/or suitable pharmaceutical compositions. For 
example, the muscarinic receptor antagonist can comprise or be an ipratropium salt (e.g. 
ipratropium bromide), an oxitropium salt (e.g. oxitropium bromide), or more preferably a 

25 tiotropium salt (e.g. tiotropium bromide); see e.g. EP 418 716 Al for tiotropium. 



The anticholinergic compound or muscarinic (M) receptor antagonist, e.g. M3 receptor 
antagonist, is preferably for inhaled administration, more preferably in particle-size- 
reduced form e.g. as defined herein. More preferably, both the muscarinic (M) receptor 
30 antagonist and the compound of formula (I) or the pharmaceutically acceptable salt 
thereof are for inhaled administration. Preferably, the anticholinergic compound or 
muscarinic receptor antagonist and the compound of formula (I) or salt are for 
simultaneous administration. The muscarinic receptor antagonist combination is 
preferably for treatment and/or prophylaxis of COPD. 

35 

Other suitable combinations include, for example, a combination comprising a compound 
of formula (I) or a pharmaceutically acceptable salt thereof together with another anti- 
inflammatory agent such as an anti-inflammatory corticosteroid; or a non-steroidal anti- 
inflammatory drug (NSAID) such as a leukotriene antagonist (e.g. montelukast), an 
40 iNOS inhibitor, a tryptase inhibitor, an elastase inhibitor, a beta-2 integrin antagonist, an 
adenosine 2a agonist, a CCR3 antagonist, or a 5-lipoxogenase inhibitor; or an 
antiinfective agent (eg. an antibiotic or an antiviral). An iNOS inhibitor is preferably for 
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oral administration. Suitable iNOS inhibitors (inducible nitric oxide synthase inhibitors) 
include those disclosed in WO 93/13055, WO 98/30537, WO 02/50021, WO 95/34534 
and WO 99/62875. Suitable CCR3 inhibitors include those disclosed in WO 02/26722. 

5 la a combination comprising a compound of formula (I) or a pharmaceutically acceptable 
salt thereof together with an anti-inflammatory corticosteroid (which is preferably for 
treatment and/or prophylaxis of asthma, COPD or allergic rhinitis), then preferably the 
anti-inflammatory corticosteroid is fluticasone, fluticasone propionate (e.g. see US patent 
4,335,121), beclomethasone, beclomethasone 17-propionate ester, beclomethasone 
10 17,21-dipropionate ester, dexamethasone or an ester thereof, mometasone or an ester 
thereof, ciclesonide, budesonide, flunisolide, or a compound as described in WO 
02/12266 Al (e.g. as claimed in any of claims 1 to 22 therein), or a pharmaceutically 
acceptable salt of any of the above. If the anti-inflammatory corticosteroid is a 
compound as described in WO 02/12266 Al, then preferably it is Example 1 therein 
1 5 {which is 6a,9a-difluoro-17a-[(2-furanylcarbonyl)oxy]-l 1 P-hydroxy-16a-methyl-3- 

oxo-androsta-l,4-diene-17p-carbothioic acid S-fluoromethyl ester} or Example 41 therein 
{which is 6a,9a~difluoro-lip-hydroxy-16 

carbonyl)oxy]-3-oxo-androsta-l,4-diene-i7(3-carbothioic acid S-fluoromethyl ester}, or a 
pharmaceutically acceptable salt thereof. The anti-inflammatory corticosteroid is 
20 preferably for intranasal or inhaled administration. Fluticasone propionate is preferred 
and is preferably for inhaled administration to a human either (a) at a dose of 250 
micrograms once per day or (b) at a dose of 50 to 250 micrograms twice per day. 

Also provided is a combination comprising a compound of formula (T) or a 
25 pharmaceutically acceptable salt thereof together with P 2 -adrenoreceptor agonist and an 

anti-inflammatory corticosteroid, for example as described in WO 03/030939 AL 
Preferably this combination is for treatment and/or prophylaxis of asthma, COPD or 
A allergic rhinitis. The p 2 -adrenoreceptor agonist and/or the anti-inflammatory 

corticosteroid can be as described above and/or as described in WO 03/030939 Al . Most 
30 preferably, in this "triple" combination, the P 2 -adrenoreceptor agonist is salmeterol or a 

pharmaceutically acceptable salt thereof (e.g. salmeterol xinafoate) and the anti- 
inflammatory corticosteroid is fluticasone propionate. 

The combinations referred to above may conveniently be presented for use in the form of 
35 a pharmaceutical composition and thus a pharmaceutical composition comprising a 
combination as defined above together with one or more pharmaceutically acceptable 
carriers and/or excipients represent a further aspect of the invention. 

The individual compounds of such combinations may be administered either sequentially 
40 or simultaneously in separate or combined pharmaceutical composition(s). 



In one embodiment, the combination as defined herein can be for simultaneous inhaled 
administration and is disposed in a combination inhalation device. Such a combination 
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inhalation device is another aspect of the invention. Such a combination inhalation 
device can comprise a combined pharmaceutical composition for simultaneous inhaled 
administration (e.g. dry powder composition), the composition comprising all the 
individual compounds of the combination, and the composition being incorporated into a 
5 plurality of sealed dose containers mounted longitudinally in a strip or ribbon inside the 
inhalation device, the containers being rupturable or peel-openable on demand; for 
example such inhalation device can be substantially as described in GB 2,242,134 A 
(DISKUS ™) and/or as described above. Alternatively, the combination inhalation 
device can be such that the individual compounds of the combination are administrable 
1 0 simultaneously but are stored separately (or wholly or partly stored separately for triple 
combinations), e.g. in separate pharmaceutical compositions, for example as described in 
PCT/EP03/00598 filed on 22 January 2003 (e.g. as described in the claims thereof e.g. 




1 5 The invention also provides a method of preparing a combination as defined herein, 
the method comprising either 

(a) preparing a separate pharmaceutical composition for administration of the 
individual compounds of the combination either sequentially or simultaneously, or 

(b) preparing a combined pharmaceutical composition for administration of the 
20 individual compounds of the combination simultaneously, 

wherein the pharmaceutical composition comprises the combination together with 
one or more pharmaceutically acceptable carriers and/or excipients. 

The invention also provides a combination as defined herein, prepared by a method as 
25 defined herein. 
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40 



Biological Test Methods 

PDE 3, PDE 4B, PDE 4D, PDE 5, PDE 6 Primary assay methods 

The activity of the compounds can be measured in the assay methods shown below. 
Preferred compounds of the invention are selective PDE4 inhibitors, i.e. they inhibit 
PDE4 (e.g. PDE4B and/or PDE4D, preferably PDE4B) more strongly than they inhibit 
PDE3 and/or more strongly than they inhibit PDE5 and/or more strongly than they inhibit 
PDE6. 

PDE enzyme sources and literature references 



Human recombinant PDE4B, in particular the 2B splice variant thereof (HSPDE4B2B), is 
disclosed in WO 94/20079 and also M.M. McLaughlin et al., "A low Km, rolipram- 

1 5 sensitive, cAMP-specific phosphodiesterase from human brain: cloning and expression of 
cDNA, biochemical characterisation of recombinant protein, and tissue distribution of 
mRNA", J. Biol. Chem., 1993, 268, 6470-6476. Human recombinant PDE4B was 
expressed in the PDE-deficient yeast Saccharomyces cerevisiae strain GL62. 1 00,000 x g 
supernatant fractions of yeast cell lysates were used for PDE4B assays and inhibitor 

20 . studies. 

Human recombinant PDE4D (HSPDE4D3A) is disclosed in P. A. Baecker et al., 
"Isolation of a cDNA encoding a human rolipram-sensitive cyclic AMP phoshodiesterase 
(PDE rV D )", Gene, 1994, 138, 253-256. 

25 

Human recombinant PDE5 is disclosed in K. Loughney et al., "Isolation and 
characterisation of cDNAs encoding PDE5A, a human cGMP-binding, cGMP-specific 
3',5'-cyclic nucleotide phosphodiesterase", Gene, 1998, 216, 139-147. 

3 0 PDE3 was purified from bovine aorta as described by H. Coste and P. Grondin, 

"Characterisation of a novel potent and specific inhibitor of type V phosphodiesterase", 
Biochem. Pharmacol, 1995, 50, 1577-1585. 

PDE6 was purified from bovine retina as described by: P. Catty and P. Deterre, 
35 "Activation and solubilization of the retinal cGMP-specific phosphodiesterase by hmited 
proteolysis", Eur. J. Biochem., 1991, 199, 263-269; A. Tar et al. "Purification of bovine 
retinal cGMP phosphodiesterase", Methods in Enzymology, 1994, 238, 3-12; and/or D. 
Srivastava et al. "Effects of magnesium on cyclic GMP hydrolysis by the bovine retinal 
rod cyclic GMP phosphodiesterase", Biochem. J., 1995, 308, 653-658. 



Inhibition of PDE 3, PDE 4B, PDE 4D, PDE 5 or PDE 6 activity: radioactive 
Scintillation Proximity Assay (SPA) 
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The ability of compounds to inhibit catalytic activity at PDE4B or 4D (human 
recombinant), PDE3 (from bovine aorta) or PDE5 (human recombinant) or PDE6 (from 
bovine retina) was determined by Scintillation Proximity Assay (SPA) in 96-well format. 
Test compounds (preferably as a solution in DMSO, e.g. about 2 microlitre (ul) volume 
5 of DMSO solution) were preincubated at ambient temperature (room temperature, e.g. 
19-23°C) in Wallac Isoplates (code 1450-514) with PDE enzyme in 50mM Tris-HCl 
buffer pH 7.5 , 8.3mM MgCl 2 » L7mM EGTA, 0.05% (w/v) bovine serum albumin for 10- 
30 minutes (usually 30 minutes). The enzyme concentration was adjusted so that no 
more than 20% hydrolysis of the substrate defined below occurred in control wells 

10 without compound, during the incubation. For PDE3, PDE4B and PDE4D assays, [5',8- 
3 H]Adenosine 3%5'-cyclic phosphate ( Amersham Pharmacia Biotech , code TRK.559; or 
Amersham Biosciences UK Ltd, Pollards Wood, Chalfont St Giles, Buckinghamshire 
HP8 4SP, UK) was added to give 0.05uCi per well and ~ lOnM final concentration. For 
the PDE5 andPDE6 assay [8- 3 H]Guanosine 3\5'-cyclic phosphate ( Amersham 

1 5 Pharmacia Biotech , code TRK.392) was added to give 0.05uCi per well and ~ 36nM 
final concentration. Plates, preferably containing approx. 100 ul volume of assay 
mixture, were mixed on an orbital shaker for 5 minutes and incubated at ambient 
temperature for 1 hour. Phosphodiesterase SPA beads (Amersham Pharmacia Biotech, 
code RPNQ 0150) were added (~lmg per well) to terminate the assay. Plates were sealed 

20 and shaken and allowed to stand at ambient temperature for 35 minutes to 1 hour 

(preferably 35 minutes) to allow the beads to settle. Bound radioactive product was 
measured using a WALLAC TRILUX 1450 Microbeta scintillation counter. For 
inhibition curves, 10 concentrations (1 .5-M - 30uM) of each compound were assayed. 
Curves were analysed using ActivityBase and XLfit (ID Businesss Solutions Limited, 2 

25 Ocean Court, Surrey Research Park, Guildford, Surrey GU2 7QB, United Kindgom) 
Results were expressed as pICso values. 

In an alternative to the above radioactive SPA assay, PDE4B or PDE4D inhibition can be 
measured in the following Fluorescence Polarisation (FP) assay: 

30 

Inhibition ofPDE4B orPDE4D activity: Fluorescence Polarisation (FP) assay 

The ability of compounds to inhibit catalytic activity at PDE4B (human 
recombinant) or PDE4D (human recombinant) was determined by IMAP Fluorescence 

35 Polarisation (FP) assay (IMAP Explorer kit, available from Molecular Devices 

Corporation, Sunnydale, CA, USA; Molecular Devices code: R8062) in 384-well format. 
The IMAP FP assay is able to measure PDE activity in an homogenous, non-radioactive 
assay format. The FP assay uses the ability of immobilised trivalent metal cations, coated 
onto nanoparticles (tiny beads), to bind the phosphate group of Fl-AMP that is produced 

40 on the hydrolysis of fluorescein-labelled (Fl) cyclic adenosine mono-phosphate 

(Fl-cAMP) to the non-cyclic Fl-AMP form. Fl-cAMP does not bind. Binding of Fl-AMP 
product to the beads (coated with the immobilised trivalent cations) slows the rotation of 
the bound Fl-AMP and leads to an increase in the fluorescence polarisation ratio of 
parallel to perpendicular light. Inhibition of the PDE reduces/inhibits this signal increase. 
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Test compounds (small volume, e.g. ca. 0.5 to 1 ul, preferably ca. 0.5 ul, of 
solution in DMSO) were preincubated at ambient temperature (room temperature, e.g. 19- 
23°C) in black 384-well microtitre plates (supplier: NUNC, code 262260) with PDE 
enzyme in lOmM Tris-HCl buffer pH 7.2, lOmM MgCl 2 , 0.1% (w/v) bovine serum 
5 albumin, and 0.05% NaN 3 for 10-30 minutes. The enzyme level was set by 

experimentation so that reaction was linear throughout the incubation. Fluorescein 
adenosine 3\5'-cyclic phosphate (from Molecular Devices Corporation, Molecular 
Devices code: R7091) was added to give about 40nM final concentration (final assay 
volume usually ca. 20-40 ul, preferably ca. 20 ul). Plates were mixed on an orbital shaker 

10 for 10 seconds and incubated at ambient temperature for 40 minutes. IMAP binding 
reagent (as described above, from Molefcular Devices Corporation, Molecular Devices 
code: R7207) was added (60ul of a 1 in 400 dilution in binding buffer of the kit stock 
solution) to terminate the assay. Plates were allowed to stand at ambient temperature for 
1 hour. The Fluorescence Polarisation (FP) ratio of parallel to perpendicular light was 

1 5 measured using an Analyst™ plate reader (from Molecular Devices Corporation). For 
inhibition curves, 10 concentrations (1.5nM - 30uM) of each compound were assayed. 
Curves were analysed using ActivityBase and XLfit (ID Businesss Solutions Limited, 2 
Ocean Court, Surrey Research Park, Guildford, Surrey GU2 7QB, United Kindgom). 
Results were expressed as pICso values. 

20 In the FP assay, all reagents were dispensed using Multidrop™ (available from 

Thermo Labsystems Oy, Ratastie 2, PO Box 100, Vantaa 01620, Finland). 

For a given PDE4 inhibitor, the PDE4B (or PDE4D) inhibition values measured using the 
SPA and FP assays can differ slightly. However, in a regression analysis of 100 test 

25 compounds, the PIC50 inhibition values measured using SPA and FP assays have been 
found generally to agree within 0.5 log units, for PDE4B and PDE4D (linear regression 
coefficient 0.966 for PDE4B and 0.971 for PDE4D; David ILMobbs et al., "Comparison 
of the IMAP Fluorescence Polarisation Assay with the Scintillation Proximity Assay for 
Phosphodiesterase Activity", poster to be presented at 2003 Molecular Devices UK & 

30 Europe User Meeting, 2nd October 2003, Down Hall, Harlow, Essex, United Kingdom). 

Biological Data obtained for some of the Examples (PDE4B inhibitory activity, either as 
one reading or as an average of ca. 2-6 readings) are as follows, based on current 
35 measurements only. Li each of the SPA and FP assays, absolute accuracy of 

measurement is not possible, and the readings given are accurate only up to about ± 0.5 of 
a log unit, depending on the number of readings made and averaged: 



Example number 


PDE4B pIC 50 

(± about 0.5) 


6 


8.1 


10 


8.2 


12 


7.9 


14 


7.6 
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! 23 


8.1 


24 


8.2 


35 


7.5 


42 


8.3 


7, 43, 48, 60, 61 and 64 


6.6 to 7.2 


2,17,26,34,38, 39,44, 
50, 59, 62, 63, 66, 71, 
76, 77 and 84 


7.5 to 9.1 



Many, but not all, of the Examples have been tested for PDE4B inhibition. Of the 
Examples tested for PDE4B inhibition, some were tested by the radioactive SPA assay, 
some were tested by the FP assay. 

5 

Most or substantially all of Examples 1-45, 47-55, 57-81, 83 and 84 have PDE4B 
inhibitory activities in the range of pIC 5 o = about 6 (± about 0.5) to about 9.1 (± 0.5). 

The Examples wherein R 3 = cyclohexyl (NHR 3 or NR 3 R 3a = sub-formula (c)), 
10 tetrahydro-2H-pyran-4-yl (NHR 3 or NR 3 R 3a = group (h)), or certain other types of 

substituted cyclohexyl or certain heterocycles, or Examples wherein NHR 3 or NR 3 R 3a = r 
sub-formula (s), usually or often (based on data for R 1 = ethyl) have a higher level of 
selectivity for PDE4B over PDE5, as measured in the above enzyme inhibition assays, 
compared to the selectivities of comparable Examples wherein R 3 = cyclopropyl (NHR 3 
15 or NR 3 R 3a = sub-formula (b)). 

Emesis: Some known PDE4 inhibitors can cause emesis and/or nausea to greater or 

lesser extents (e.g. see Z. Huang et al., Current Opinion in Chemical Biology, 2001, 5: 
432-438, see especially pages 433-434 and refs cited therein). Therefore, it would be 

20 preferable, but not essential, if a particular PDE4 inhibitory compound or salt of the 
invention were to cause only limited or manageable emetic side-effects. Emetic side- 
effects can for example be measured by the emetogenic potential of the compound or salt 
when administered to ferrets; for example one can measure the time to onset, extent, 
frequency and/or duration of vomiting, retching and/or writhing in ferrets after oral or 

25 parenteral administration of the compound or salt. See for example In vivo Assay 4 
hereinafter for a measurement method for anti-inflammatory effect, emetic side-effects 
and therapeutic index (TI) in the ferret. See also for example A. Robichaud et al., 
"Emesis induced by inhibitors of [PDE TV] in the ferret", Neuropharmacology, 1999, 38, 
289-297, erratum Neuropharmacology, 2001, 40, 465-465. However, optionally, emetic 

30 side-effects and therapeutic index (TI) in rats can be conveniently measured by 

monitoring the pica feeding behaviour of rats after administration of the compound or salt 
of the invention (see In Vivo Assay 2 below). 
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Other side effects: Some known PDE4 inhibitors can cause other side effects such as 
headache and other central nervous sytem (CNS-) mediated side effects; and/or 
gastrointestinal (GI) tract disturbances. Therefore, it would be preferable but not 
essential if a particular PDE4 inhibitory compound or salt of the invention were to cause 
5 only limited or manageable side-effects in one or more of these side-effect categories. 



In Vivo Biological Assays 

10 The in vitro enzymatic PDE4B inhibition assay described above should be regarded as 
being the primary test of biological activity. However, additional in vivo biological tests, 
which are optional and which are not an essential measure of efficacy or side-effects, are 
described below. 

15 

In Vivo Assay L LPS-induced pulmonary neutrophilia in rats: effect of orally 
administered PDE4 inhibitors 

Pulmonary neutrophil influx has been shown to be a significant component to the 
20 family of pulmonary diseases like chronic obstructive pulmonary disease (COPD) which 
can involve chronic bronchitis and/or emphysema (G.F. Filley, Chest 2000; 1 17(5); 
251s-260s). The purpose of this neutrophilia model is to study the potentially anti- 
inflammatory effects in vivo of orally administered PDE4 inhibitors on neutrophilia 
induced by inhalation of aerosolized lipopolysaccharide (LPS), modelling the neutrophil 
25 inflammatory components) of COPD. See the literature section below for scientific 
background. 

Male Lewis rats (Charles River, Raleigh, NC, USA) weighing approximately 300- 
400 grams are pretreated with either (a) test compound suspended in 0.5% 
methylcellulose (obtainable from Sigma-Aldrich, St Louis, MO, USA) in water or (b) 

30 vehicle only, delivered orally in a dose volume of 10 ml/kg. Generally, dose response 
curves are generated using the following doses of PDE4 inhibitors: 10.0, 2.0, 0.4, 0.08 
and 0.016 mg/kg. Thirty minutes following pretreatment, the rats are exposed to 
aerosolized LPS (Serotype E. Coli 026:B6 prepared by trichloroacetic acid extraction, 
obtainable from Sigma-Aldrich, St Louis, MO, USA), generated from a nebulizer 

35 containing a 100 ng/ml LPS solution. Rats are exposed to the LPS aerosol at a rate of 4 
L/min for 20 minutes. LPS exposure is carried out in a closed chamber with internal 
dimensions of 45 cm length x 24 cm width x 20 cm height The nebulizer and exposure 
chamber are contained in a certified fume hood. At 4 hours-post LPS exposure the rats 
are euthanized by overdose with pentobarbital at 90 mg/kg, administered 

40 intraperitoneally. Bronchoalveolar lavage (BAL) is performed through a 14 gauge blunt 
needle into the exposed trachea. Five, 5 ml washes are performed to collect a total of 25 
ml of BAL fluid. Total cell counts and leukocyte differentials are performed on BAL 
fluid in order to calculate neutrophil influx into the lung. Percent neutrophil inhibition at 
each dose (cf. vehicle) is calculated and a variable slope, sigmoidal dose-response curve 

45 is generated, usually using Prism Graph-Pad. The dose-response curve is used to 
calculate an ED50 value (in mg per kg of body weight) for inhibition by the PDE4 
inhibitor of the LPS-induced neutrophilia. 
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Results: Based on current measurements, the compounds of Examples 14,. 17, 23, 
35 and 38, administered orally in the above procedure, exhibited neutroptaha-intabition 
ED50 values in the range of about 0.03 mg/kg to about 1 mg/kg, subject to testing 
inaccuracies. 

5 Alternative method and results: In an alternative embodiment of the procedure, a 

single oral dose of 10 mg/kg or 1 mg/kg of the PDE4 inhibitor (or vehicle) is 
administered to the rats, and percent neutrophil inhibition is calculated and reported for 
that specific dose. In this embodiment, based on current measurements, the compounds 
of Examples 2, 14, 23 and 38, administered orally in this alternative procedure at a single 
10 dose of 10 mg/kg, exhibited percent neutrophiha-inhibition in the range of about 74% to 
about 86%, subject to testing inaccuracies. 
Literature: 

Filley G.F. Comparison of the structural and inflammatory features of COPD and 
asthma. Chest 2000; 117(5) 251s-260s. 
1 5 Howell RE, Jenkins LP, Fielding LE, and Grimes D. Inhibition of antigen- 

induced pulmonary eosinophilia and neutrophilia by selective inhibitors of 
phosphodiesterase types 3 and 4 in brown Norway rats. Pulmonary Pharmacology; 
1995; 8: 83-89. 

Spond J, Chapman R, Fine J, Jones H, Kreutner W, Kung TT, Minnicozzi M. 
20 Comparison of PDE 4 inhibitors, Rolipram and SB 207499 (Ariflo™), in a rat model of 
pulmonary neutrophilia. Pulmonary Pharmacology and Therapeutics. 2001; 14: 157- 
164. 

Underwood DC, Osbom RR, Bochnowicz S, Webb EF, Rieman DJ, Lee JC, 
Romanic AM, Adams JL, Hay DWP, and Griswold DE. SB 239063, a p38 MAPK 
25 inhibitor, reduces neutrophilia, inflammatory cytokines, MMP-9, and fibrosis in lung. 
Am J Physiol Lung Cell Mol Physiol 2000; 279: L895-L902. 

In Vivo Assay 2. Rat Pica Model ofemesis 

30 Background: Selective PDE4 inhibitors have been shown to inhibit inflammation 

in various in vitro and in vivo models by increasing intracellular levels of cAMP of many 
immune cells (e.g. lymphocytes, monocytes). However, a side effect of some PDE4 
inhibitors in many species is emesis. Because many rat models of inflammation are well 
characterized, they have been used in procedures (see e.g. In Vivo Assay 1 above) to 

35 show beneficial anti-inflammatory effects of PDE 4 inhibitors. However rats have no 
emetic response (they have no vomit reflex), so that the relationship between beneficial 
anti-inflammatory effects of PDE 4 inhibitors and emesis is difficult to study directly in 
rats. 

However, in 1991, Takeda et al (see Literature section below) demonstrated that 
40 the pica feeding response is analogous to emesis in rats. Pica feeding is a behavioural 
response to illness in rats wherein rats eat non-nutritive substances such as earth or in 
particular clay (e.g. kaolin) which may help to absorb toxins. Pica feeding can be 
induced by motion and chemicals (especially chemicals which are emetic in humans), and 
can be inhibited pharmacologically with drugs that inhibit emesis in humans. The Rat 
45 Pica Model, In Vivo Assay 2, can determine the level of pica response of rats to PDE 4 
inhibition at pharmacologically relevant doses in parallel to in vivo anti-inflammatory 
Assays in (a separate set of) rats (e.g. In Vivo Assay 1 above). Anti-inflammatory and 
pica assays in the same species together can provide data on the "therapeutic index" (TI) 
in the rat of the compounds/salts of the invention. The Rat TI can for example be 
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calculated as the ratio of a) the potentially-emetic Pica Response ED50 dose from Assay 
2 to b) the rat anti-inflammatory ED50 dose (e.g. measured by rat neutrophilia-inhibition 
in eg In Vivo Assay 1), with larger TI ratios possibly indicating lower emesis at many 
anti-inflammatory doses. This might allow a choice of a non-emetic or minimal-emetic 
5 pharmaceutical dose of the compounds or salts of the invention which has an 

anti-inflammatory effect. It is recognised however that achieving a low-emetic PDE4 
inhibitory compound is not essential to the invention. 

Procedure: On the first day of the experiment, the rats are housed individually 
in cages without bedding or "enrichment". The rats are kept off of the cage floor by a 
10 wire screen. Pre-weighed food cups containing standard rat chow and clay pellets are 
placed in the cage. The clay pellets, obtainable from Languna Clay Co, City of Industry, 
CA, USA, are the same size and shape as the food pellets. The rats are acclimated to the 
clay for 72 hours, during which time the cups and food and clay debris from the cage are 
^ weighed daily on an electronic balance capable of measuring to the nearest 0.1 grams. By 

^ 15 the end of the 72 hour acclimation period the rats generally show no interest in the clay 
pellets. 

At the end of 72 hours the rats are placed in clean cages and the food cups 
weighed. Rats that are still consuming clay regularly are removed from the study. 
Immediately prior to the dark cycle (the time when the animals are active and should be 

20 eating) the animals are split into treatment groups and dosed orally with a dose of the 
compound/salt of the invention (different doses for different treatment groups) or with 
vehicle alone, at a dose volume of 2 ml/kg. In this oral dosing, the compound/salt is in 
the form of a suspension in 0.5% methylcellulose (obtainable Sigma- Aldrich, St. Louis, 
MO, USA) in water. The food and clay cups and cage debris are weighed the following 

25 day and the total clay and food consumed that night by each individual animal is 
calculated. 

A dose response is calculated by first converting the data into quantal response, 
where animals are either positive or negative for the pica response. A rat is "pica 
positive" if it consumes greater than or equal to 0.3 grams of clay over the mean of is 
30 usually calculated using logistic regression performed by the Statistica software statistical 
^ package. A Pica Response ED50 value in mg per kg of body weight can then be 

calculated. 

The Pica Response ED50 value can be compared to the neutrophilia-inhibition 
ED50 values for the same compound administered orally to the rat (measurable by In 
35 Vivo Assay 1 above), so that a Therapeutic Index (TI) in rats can be calculated thus: 

Rat Therapeutic index (TI) (50/50) = Pica Response ED50 value 

rat neutrophilia-inhibition ED50 value 

40 In general, the Therapeutic Index (TI) calculated this way is often substantially 

different to, for example can often be substantially higher than, the TI (D20/D50) 
calculated in the ferret (see In vivo Assay 4 below). 

Results: Using the above procedure, and according to current measurements, the 
compounds of Examples 14, 17, 23, 35 and 38 exhibited a Pica Response ED50 in the 

45 range of about 2 mg/kg to greater than about 50 mg/kg, subject to testing inaccuracies. 
Taking the specific Pica Response ED50 values for these compounds together with the 
specific rat neutrophilia-inhibition ED50 values measured in In Vivo Assay 1 for 
Examples 14, 17, 23, 35 and 38, the Rat Therapeutic Index (TI) for oraUy-admimstered 
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Examples 14, 17, 23, 35 and 38 was calculated using the above equation as being in the 
range of from about 12 to about 470, according to current measurements, subject to 
testing inaccuracies. 
Literature: 

5 Beavo JA, Contini, M., Heaslip, RJ. Multiple cyclic nucleotide 

phosphodiesterases. Mol Pharmacol 1994;46:399-405. 

Spond J, Chapman R, Fine J, Jones H, Kreutner W, Kung TT, Minnicozzi M. 
Comparison of PDE 4 inhibitors, Rolipram and SB 207499 (Ariflo™), in a rat model of 
pulmonary neutrophilia Pulmonary Pharmacology and Therapeudtics: 2001; 14:157- 
10 164. 

Takeda N, Hasegawa S, Morita M, and Matsunaga T. Pica in rats is analogous to 
emesis: an animal model in emesis research. Pharmacology, Biochemistry and Behavior. 
1991;45:817-821. 

Takeda N, Hasegawa S, Morita M, Horii A, Uno A, Yamatodani A and 
15 Matsunaga T\ Neuropharmacological mechanisms of emesis. I . Effects of antiemetic 

drugs on motion- and apomorphine-induced pica in rats. Meth Find Exp Clin Pharmacol. 
1995; 17(9) 589-596. 

Takeda N, Hasegawa S, Morita M, Horii A, Uno A, Yamatodani A and 
Matsunaga T. Neuropharmacological mechanisms of emesis. II . Effects of antiemetic 
20 drugs on cisplatin-induced pica in rats. Meth Find Exp Clin Pharmacol. 1995; 17(9) 
647-652. 



In Vivo Assay 3. LPS induced pulmonary neutrophilia in rats: effect of 
25 intratracheally administered PDE4 inhibitors 

This assay is an animal model of inflammation in the lung — specifically 

neutrophilia induced by lipopolysaccharide (LPS) - and allows the study of putative 

inhibition of such neutrophilia (anti-inflammatory effect) by intratracheally (i.t.) 
30 administered PDE4 inhibitors. The PDE4 inhibitors are preferably in dry powder or wet 

suspension form. Lt. administration is one model of inhaled administration, allowing 

topical delivery to the lung. 

Animals: Male CD (Sprague Dawley Derived) rats supplied by Charles River, 

Raleigh, NC, USA are housed in groups of 5 rats per cage, acclimatised after delivery for 
35 at least 7 days with bedding/nesting material regularly changed, fed on SDS diet Rl 

pelleted food given ad lib, and supplied with daily-changed pasteurised animal grade 

drinking water. 

Device for dry powder administration: Disposable 3-way tap between dosing 
needle and syringe. A 3-way sterile tap (Vycon Ref 876.00) is weighed, the drug blend 
40 or inhalation grade lactose (vehicle control) is then added to the tap, the tap closed to 
prevent loss of drug, and the tap is re-weighed to determine the weight of drug in the tap. 
After dosing, the tap is weighed again to determine the weight of drug that had left the 
tap. The needle, a Sigma Z21934-7 syringe needle 19-gauge 152 mm (6 inches) long 
with luer hub, is cut by engineering to approximately 132 mm (5.2 inches), a blunt end is 
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made to prevent them damaging the rat's trachea, and the needle is weighed prior to and 
after drug delivery to confirm that no drug is retained in the needles after dosing. 

Device for wet suspension administration: This is the similar to the above but a 
blunt dosing needle, whose forward end is slightly angled to the needle axis, is used, 
5 with a flexible plastic portex canula inserted into the needle. 

Drugs and Materials: Lipopolysaccharide (LPS) (Serotype:0127:B8) (L3129 Lot 
61K4075) was dissolved in phosphate-buffered saline (PBS). PDE4 inhibitors are used in 
size-reduced (e.g. micronised) form, for example according to the Micronisation Example 
given above. For dry powder administration of the drug, the Dry Powder Formulation 
10 Example given above, comprising drug and inhalation-grade lactose, can be used. The 
inhalation-grade lactose usually used (Lot E98L4675 Batch 845120) has 10% fines (10% 
of material under 15um particle size measured by Malvern particle size). 

Wet suspensions of the drug can be prepared by added the required volume of 
vehicle to the drug, the vehicle being used being a mixture of saline/tween (0.2% tween 
1 5 80). The wet suspension was sonicated for 10 minutes prior to use. 

Preparation, and dosing with PDE 4 inhibitor: Rats are anaesthetised by placing 
the animals in a sealed Perspex chamber and exposing them to a gaseous mixture of 
isoflourane (4.5 %), nitrous oxide (3 litres.minute" 1 ) and oxygen (1 litrejninute* 1 ). Once 
anaesthetised, the animals are placed onto a stainless steel i.t. dosing support table. They 
20 are positioned on their back at approximately a 35° angle. A light is angled against the 
outside of the throat to highlight the trachea. The mouth is opened and the opening of the . 
upper airway visualised. The procedure varies for wet suspension and dry powder 
administration of PDE4 inhibitors as follows: 

Dosing with a Wet suspension: A portex cannula is introduced via a blunt metal 
25 dosing needle that had been carefully inserted into the rat trachea. The animals are 
intratracheally dosed with vehicle or PDE4 inhibitor via the dosing needle with a new 
internal canula used for each different drug group. The formulation is slowly (10 
seconds) dosed into the trachea using a syringe attached to the dosing needle. 

Dosing with a Dry Powder: The three-way tap device and needle are inserted into 
30 the rat trachea up to a pre-determined point established to be located approximately 1 cm 
above the primary bifurcation. Another operator holds the needle at the specified position 
whilst 2x 4ml of air is delivered through the three-way tap by depressing the syringes 
(ideally coinciding with the animal inspiring), aiming to expel the entire drug quantity 
from the tap. After dosing, the needle and tap are removed from the airway and the tap is 
35 closed off to prevent any retained drug leaving the tap. 

After dosing with either wet suspension or dry powder, the animals are then removed 
from the table and observed constantly until they have recovered from the effects of 
anaesthesia. The animals are returned to the holding cages and given free access to food 
and water; they are observed and any unusual behavioural changes noted. 
40 Exposure to LPS: About 2 hours after i.t. dosing with vehicle control or the PDE4 

inhibitor, the rats are placed into sealed Perspex containers and exposed to an aerosol of 
LPS (nebuliser concentration 150 j-ig.mr 1 ) for 15 minutes. Aerosols of LPS are generated 
by a nebuliser (DeVilbiss, USA) and this is directed into the Perspex exposure chamber. 
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Following the 15-minute LPS-exposure period, the animals are returned to the holding 
cages and allowed free access to both food and water. 

[In an alternative embodiment, the rats can exposed to LPS less than 2 hours after 
i.t. dosing. In another alternative embodiment, the rats can exposed to LPS more than 2 
5 hours (e.g. ca. 4 or ca. 6 hours) after i.t. dosing by vehicle or PDE4 inhibitor, to test 

whether or not the PDE4 inhibitor has a long duration of action (which is not essential).] 

Bronchoalveolar lavage: 4 hours after LPS exposure the animals are killed by 
overdose of sodium pentobarbitone (i.p.). The trachea is cannulated with polypropylene 
tubing and the lungs lavaged (washed out) with 3x5 mis of heparinised (25 units.ml" 1 ) 
1 0 phosphate buffered saline (PBS). 

Neutrophil cell counts: The Bronchoalveolar lavage (BAL) samples are 
centrifuged at 1300 rpm for 7 minutes. The supernatant is removed and the resulting cell 
pellet resuspended in 1 ml PBS. A cell slide of the resuspension fluid is prepared by 
placing lOOjal of resuspended BAL fluid into cytospin holders and then spun at 5000 rpm 
15 for 5 minutes. The slides are allowed to air dry and then stained with Leishmans stain (20 
minutes) to allow differential cell counting. The total cells are also counted from the 
resuspension. From these two counts, the total numbers of neutrophils in the BAL are 
determined. For a measure of PDE4-inhibitor-induced inhibition of neutrophilia, a 
comparison of the neutrophil count in rats treated with vehicle and rats treated with PDE4 
20 inhibitors is conducted. 

By varying the dose of the PDE4 inhibitor used in the dosing step (e.g. 0.2 or 0.1, 
mg of PDE4 inhibitor per kg of body weight, down to e.g. 0.01 mg/kg), a dose-response 
curve can be generated. 

25 In vivo Assay 4. Evaluation of Therapeutic Index of Orally-administered PDE 4 
inhibitors in the conscious ferret 

1.1 Materials 

The following materials are used for these studies: 
30 PDE4 inhibitors are prepared for oral (p.o.) administration by dissolving in a fixed 

volume (1 ml) of acetone and then adding cremophor to 20% of the final volume. 

Acetone is evaporated by directing a flow of nitrogen gas onto the solution. Once the 

acetone is removed, the solution is made up to final volume with distilled water. 

LPS is dissolved in phosphate buffered saline. 
35 1.2 Animals 

Male ferrets (Mustela Pulorius Furo, weighing 1 - 2 kg) are transported and allowed to 
acclimatise for not less than 7 days. The diet comprises SDS diet C pelleted food given 
ad lib with Whiskers™ cat food given 3 times per week. The animals are supplied with 
pasteurised animal grade drinking water changed daily. 
40 L3 Experimental Protocols) 

1.3.1 Dosing with PDE4 inhibitors 

PDE4 inhibitors are administered orally (p.o.), using a dose volume of lml/kg. 
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Ferrets are fasted overnight but allowed free access to water. The animals are orally 
dosed with vehicle or PDE 4 inhibitor using a 1 5cm dosing needle that is passed down the 
back of the throat into the oesophagus. After dosing, the animals are returned to holding 
cages fitted with perspex doors to allow observation, and given free access to water. The 
5 animals are constantly observed and any emetic episodes (retching and vomiting) or 
behavioural changes are recorded. The animals are allowed access to food 60 — 90 
minutes after p.o. dosing. 

1.3.2 Exposure to LPS 

Thirty minutes after oral dosing with compound or vehicle control, the ferrets are placed 
10 into sealed perspex containers and exposed to an aerosol of LPS (30 M-g/ml) for 10 
minutes. Aerosols of LPS are generated by a nebuliser (DeVilbiss, USA) and this is 
directed into the perspex exposure chamber. Following a 10-minute exposure period, the 
animals are returned to the holding cages and allowed free access to water, and at a later 
w stage, food. General observation of the animals continues for a period of at least 2.5 

-) 15 hours post oral dosing. All emetic episodes and behavioural changes are recorded. 

1.3.3 Bronchoalveolar lavage and cell counts 

Six hours after LPS exposure the animals are killed by overdose of sodium 
pentobarbitone administered intraperitoneally. The trachea is then cannulated with 
polypropylene tubing and the lungs lavaged twice with 20 ml heparinised (10 units/ml) 

20 phosphate buffered saline (PBS). The bronchoalveolar lavage (BAL) samples are 

centrifuged at 1300 rpm for 7 minutes. The supernatant is removed and the resulting cell 
pellet re-suspended in 1 ml PBS. A cell smear of re-suspended fluid is prepared and 
stained with Leishmans stain to allow differential cell counting. A total cell count is 
made using the remaining re-suspended sample. From this, the total number of 

25 neutrophils in the BAL sample is determined. 

1. 3.4 Pharmacodynamic readouts 
The following parameters are recorded: 

a) % inhibition of LPS-induced pulmonary neutrophilia to determine the dose of PDE4 
1p inhibitor which gives 50% inhibition (D50). 

30 b) Emetic episodes — the number of vomits and retches are counted to determine the dose 
of PDE4 inhibitor that gives a 20% incidence of emesis (D20). 

c) A therapeutic index (TI), using this assay, is then calculated for each PDE4 inhibitor 
using the following equation: 

35 Ferret Therapeutic Index (TI) (D20/D50) = D20 incidence of emesis in ferret 

D50 inhibition of neutrophilia in ferret 

It is noted that the Ferret Therapeutic index (TI) (D20/D50) calculated using this in vivo 
Assay 4 is often substantially different to, and for example is often substantially lower 
40 than, the Rat TI (50/50) calculated using the rat oral inflammation and pica feeding 
Assays 1+2. 



The calculation of TI using the known PDE4 inhibitor roflumilast in this Assay 4 is: 
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D20 for emesis = 0.46 mg/kg p.o., D50 for ferret neutroplilia = 0.42 mg/kg p.o., Ferret 
11 = 1.1. 



All publications, including but not limited to patents and patent applications, cited in this 
specification are herein incorporated by reference as if each individual publication were 
specifically and individually indicated to be incorporated by reference herein as though 
folly set forth. 
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EXAMPLES 

The various aspects of the invention will now be described by reference to the following 
examples. These examples are merely illustrative and are not to be construed as a 
limitation of the scope of the present invention. In this section, "Intermediates" represent 
syntheses of intermediate compounds intended for use in the synthesis of the "Examples". 



10 Abbreviations used herein: 



BEMP 2-t-butyliinino-2-diethylamino-l ,3-dimethylperhydro-l ,3,2-diazaphosphazine 

CDI 1 , 1 '-carbonyldiimidazole 

DBU 1 ,8-Diazabicyclo[5 A0]undec-7-ene 
15 DCM dichloromethane 

DMF dimethyl formamide 

DMSO dimethyl sulfoxide 

EtOAc ethyl acetate 

Et 2 0 diethyl ether 
20 EDC l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

h hours 

HOBT hydroxybenzotriazole = 1-hydroxybenzotriazole 
HATU 0-(7-A^abenzotriazo^l-yl)-N,N,N^N , -tetramethyluronium 
hexafluorophosphate 

25 HBTU 0-(Benzotriazol- 1 -y^-N^N^^N^-tetramethyliironium hexafluorophosphate 
High performance liquid chromatography 
liquid chromatography / mass spectroscopy 
acetonitrile 
methanol 

nuclear magnetic resonance (in which: s = singlet, d = doublet, t = triplet, q = 
quartet, dd = doublet of doublets, m = multiplet, n H means that n is the 
number of protons) 
N,N-diisopropylethylamine OP^NEt) 

solid phase extraction 
35 TBTU 0-(Benzotriazol-l-yl)-N,N,N r ,N -tetramethyluronium tetrafluoroborate 
Tetrahydrofuran 
retention time (from LCMS) 

thin layer chromatography 
Lawesson f s reagent 2,4-bis(4-methoxyphenyl)- 1 ,3-dithia-2,4-diphosphetane-2,4- 
40 disulphide 

Burgess Reagent (Methoxycarbonylsulphamoyl)trie1bylaiinnonium hydroxide 
Room temperature = ambient temperature: this is usually in the range of about 15 to 

about 25 °C or about 20 to about 25 °C. 



30 



HBTU 

HPLC 

LCMS 

MeCN 

MeOH 

NMR 



DDPEA 

SPE 

TBTU 

THF 

Tret 

TLC 
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Machine Methods used herein: 

5 L CMS (liquid chromatography / mass spectroscopy) 

Waters ZQ mass spectrometer operating in positive ion electrospray mode, mass range 
100-1000 amu. 

UV wavelength : 215-330nM 
Column : 3.3cm x 4.6mm ID, 3pm ABZ+PLUS 
1 0 Flow Rate : 3ml/min 
Injection Volume : 5|al 

Solvent A : 95% acetonitrile + 0.05% formic acid 

Solvent B : 0.1% formic acid + lOmMolar ammonium acetate 

Gradient : 0% A/0.7min, 0-100% A/3.5min, 100% A/l.lmin, 100-0% A/0.2min 

15 

Mass directed autoprep HPLC 

The prep column used was a Supelcosil ABZplus (10cm x 2.12cm) (usually 10cm x 
2.12cm x 5 fim). 
UV wavelength : 200-320nM 
20 Flow : 20ml/min 

Injection Volume: 1ml; or more preferably 0.5 ml 
Solvent A : 0.1% formic acid (or 0.1% trifluoroacetic acid) 

Solvent B : 95% acetonitrile + 5% of (formic acid or trifluoroacetic acid); or more usually 
99.95% acetonitrile + 0.05% of (formic acid or trifluoroacetic acid) 
25 Gradient : 100% A/lmin, 100-80% A/9min, 80-1% A/3.5min, 1% A/1.4min, 1- 
100%A/0.1min 



30 



Microwave 

The CEM Discover Focused Microwave Synthesis system was used* 



Intermediates and Examples 



All reagents not detailed in the text below are commercially available from established 
35 suppliers such as Sigma-Aldrich. The addresses of the suppliers for some of the starting 
materials mentioned in the Intermediates and Examples below or the Assays above are as 
follows: 

- ABCR GmbH & CO. KG, P.O. Box 21 01 35, 76151 Karlsruhe, Germany 

40 - Aceto Color Intermediates (catalogue name), Aceto Corporation, One Hollow Lane, Lake 
Success, NY, 11042-1215, USA 

- Acros Organics, A Division of Fisher Scientific Company, 500 American Road, Moms Plains, 
NJ 07950, USA 
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- Apin Chemicals Ltd., 82 C Milton Park, Abingdon, Oxon OX14 4RY, United Kingdom 

- Apollo Scientific Ltd., Unit 1 A, Bingswood Industrial Estate, Whaley Bridge, 
Derbyshire SK23 7LY, United Kingdom 

- Aldrich (catalogue name), Sigma-Aldrich Company Ltd., Dorset, United Kingdom, telephone: 
5 +44 1202 7331 14; Fax: +44 1202 715460; ukcustsv@eurnotes.sial.com; or 

- Aldrich (catalogue name), Sigma-Aldrich Corp., P.O. Box 14508, St. Louis, MO 63178-9916, 
USA; telephone: 314-771-5765; fax: 314-771-5757; custserv@sial.com; or 

- Aldrich (catalogue name), Sigma-Aldrich Chemie Gmbh, Munich, Germany; telephone: +49 89 
6513 0; Fax: +49 89 6513 1169; deorders@eurnotes.sial.com. 

10 - Alfa Aesar, A Johnson Matthey Company, 30 Bond Street, Ward Hill, MA 01835-8099, USA 

- Amersham Biosciences UK Ltd, Pollards Wood, Chalfont St Giles, Buckinghamshire HP8 4SP, 
United Kingdom 

- Array Biopharma Inc., 1885 33rd Street, Boulder, CO 80301, USA 

t W - AstaTech, Inc., 8301 Torresdale Ave., 19C, Philadelphia, PA 19136, USA 

' 15 - Austin Chemical Company, Inc., 1565 Barclay Blvd., Buffalo Grove, IL 60089, USA 

- Avocado Research, Shore Road, Port of Heysham Industrial Park, Heysham 
Lancashire LA3 2XY, United Kingdom 

- Bayer AG, Business Group Basic and Fine Chemicals, D-51368 Leverkusen, Germany 

- Berk Univar pic, Berk House, P.O.Box 56, Basing View, Basingstoke, Hants RG2 1 2E6, United 
20 Kingdom 

- Butt Park Ltd., Braysdown Works, Peasedown St. John, Bath BA2 8LL, United Kingdom 

- Chemical Building Blocks (catalogue name), Ambinter, 46 quai Louis Bleriot, Paris, F-750 16, 
France 

- ChemBridge Europe, 4 Clark's Hill Rise, Hampton Wood, Evesham, Worcestershire WR1 1 
25 6FW, United Kingdom 

-ChemService Inc., PXXBox 3108, West Chester, PA 19381, USA 

- Combi-Blocks Inc., 7949 Silverton Avenue, Suite 915, San Diego, CA 92126, USA 

- Dynamit Nobel GmbH, Germany; also available from: Saville Whittle Ltd (UK agents of 
Dynamit Nobel), Vickers Street, Manchester M40 8EF, United Kingdom 

30 - E. Merck, Germany; or E. Merck (Merck Ltd), Hunter Boulevard, 

Magna Park, Lutterworth, Leicestershire LEI 7 4XN, United Kingdom 

- Esprit Chemical Company, Esprit Plaza, 7680 Matoaka Road, Sarasota, FL 34243, USA 

- Exploratory Library (catalogue name), Ambinter, 46 quai Louis Bleriot, Paris, F-750 16, France 

- Fluka Chemie AG, Industriestrasse 25, P.O. Box 260, CH-9471 Buchs, Switzerland 
35 - Fluorochem Ltd., Wesley Street, Old Glossop, Derbyshire SK13 7RY, United Kingdom 

- ICN Biomedicals, Inc., 3300 Hyland Avenue, Costa Mesa, CA 92626, USA 

- Interchim Intermediates (catalogue name), Interchim, 213 Avenue Kennedy, BP 1 140, 
Montlucon, Cedex, 03103, France 

- Key Organics Ltd., 3, Highfield Indusrial Estate, Camelford, Cornwall PL32 9QZ, United 
40 Kingdom 

- Lancaster Synthesis Ltd., Newgate, White Lund, Morecambe, Lancashire LA3 3DY, United 
Kingdom 

- Manchester Organics Ltd., Unit 2, Ashville Industrial Estate, Sutton Weaver, Runcorn, 
Cheshire WA7 3PF, United Kingdom 
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- Matrix Scientific, P.O. Box 25067, Columbia, SC 29224-5067, USA 

- Maybridge Chemical Company Ltd., Trevillett, Tintagel, Cornwall PL34 OHW, United 
Kingdom 

- Maybridge Reactive Intermediates (catalogue name), Maybridge Chemical Company Ltd., 
5 Trevillett, Tintagel, Cornwall PL34 OHW, United Kingdom 

- MicroChemistry Building Blocks (catalogue name), MicroChemistry-RadaPharma, Shosse 
Entusiastov 56, Moscow, 1 1 1 123, Russia 

- Miteni S.p.A., Via Mecenate 90, Milano, 20138, Italy 

- Molecular Devices Corporation, Sunnydale, CA, USA 

10 -N.D. Zelinsky Institute, Organic Chemistry, Leninsky prospect 47, 117913 Moscow B-334, 
Russia 

- Optimer Building Block (catalogue name), Array BioPharma, 3200 Walnut Street, Boulder, 
CO 80301, USA 

- Peakdale Molecular Ltd., Peakdale Science Park, Sheffield Road, Chapel-en-le-Frith, High Peak 
15 SK23 0PG, UnitedKingdom 

- Pfaltz & Bauer, Inc., 172 East Aurora Street, Waterbury, CT 06708, USA 

- Rare Chemicals (catalogue name), Rare Chemicals GmbH, Schulstrasse 6, 24214 Gettorf, 
Germany 

- SALOR (catalogue name) (Sigma Aldrich Library of Rare Chemicals), Aldrich Chemical 
20 Company Ihc, 1001 West Saint Paul Avenue, Milwaukee, WI 53233, USA 

- Sigma (catalogue name), Sigma-Aldrich Corp., P.O. Box 14508, St. Louis, MO 63178-9916, 
USA; see "Aldrich" above for other non-US addresses and other contact details 

- SIGMA-RBI, One Strathmore Road, Natick, MA 01760-1312, USA 

- Synchem OHG Heinrich-Plett-Strasse 40, Kassel, D-34132, Germany 

25 - Syngene International Pvt Ltd, Hebbagodi, Hosur Road, Bangalore, India. 

- TCI America, 921 1 North Harborgate Street, Portland, OR 97203, USA 

- TimTec Building Blocks A, TimTec, Inc., P O Box 8941, Newark, DE 19714-8941, USA 

- Trans World Chemicals, Inc., 14674 Southlawn Lane, Rockville, MD 20850, USA 

- Ubichem PLC, Mayflower Close, Chandlers Ford Industrial Estate, Eastleigh, Hampshire 
30 SOS3 4AR, United Kingdom 

- Ultrafine (UFC Lt(L), Synergy House, Guildhall Close, Manchester Science Park, Manchester 
M15 6SY, United Kingdom 



35 Table of Intermediates 



Intermediate 
Number 


Name 


1 


Ethyl 4-chloro-l^tiiyl-lH-pyrazolor3,4-blpyridine-5-carboxylate 


2 


Ethyl 4-(cyclopentylamino)-l^thyl-lH-pyrazolo[3,4^b]pyridine-5--carboxylate 


3 


4-(Cyclopentylammo)-l-ethyM acid 


4 


N-AcetyM<Cyclopeniylamino)-l^thyl-lH-pyrazolo[3,4-b]pyridine-5- 
carbohydrazide 
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c 


*t-*i v^yciopeniy lariiii lvj y i -cLiiyi-xN -^xxictiiy louiiunyi jaueiyij- i xi pyi dz.uiu^ 
D ipyi lciiiic J v»di uvjiiy cii <x^ii\j.c 


6 


Ethyl 4-(4-fluorophenylainino)-l ^thyl-lH-pyrazolo[3,4-b]pyridine-5- 
carDOxyiaie 


7 


H-[ysyc lop cn ly lainino j l c iiiyi-iN uric tny ij - 1 jci-pyrazo 10 l j u jpyn uine— j — 
carbohydrazide 


Q 

o 


iVieuianesuiionyl aceuc aoiu nyoraziue 


9 


Acetainidoxime 


10 


4-(Cyclopentylamino)- 1 -ethyl-N'-isobutyryl- 1 H-pyrazolo [3 ,4-b]pyridine-5- 
carbohydrazide 


11 


4-Chloro- 1 -ethyl - 1 H-pyrazolo [3 5 4-b]pyridine-5 -carb oxylic acid 


12 


4-CUoro-l-et%l-5-(5-met^ 
blpyridine 


13 


4-Chloro-l^thyl-5-(5-isopropyl^ 
b]pyridine 


14 


5<5-Tert-butyl-l,3,4-oxadra^^ 
b]pyridine 


15 


4-CMoro-l-ethyl-5-{5-[(me^ 
pyrazolo[3,4-b]pyridine 


16 


Ethyl l-ethyl-4-(tetr^ydro-2^ 
5-carboxylate 


17 


l-Etliyl-4-(tetrahydro-2H^^ 
carboxylic acid 


18 


fTl J "1 » Jt S\ fn —Oj— .- J% A /k ..jt.1i. . ill.,.-,. OTT ui_ . . ..jr. ■ . A 1 TT j.j. j- L 1 A 

Tert-butyl 2- { [ 1 ^tliyl-4-(tetranydro-Ztt 
blpyridin-5-yllcarbonyl}hydrazinecarboxylate 


19 


1 -JitjayI-4-(tetran^ ixi-pyrazoioip ,^-Djpynaine-D - 
caroonyaraziue Qinyaro cnionae 


20 


jn -( v^yciopropyicaroonyi j- 1 -e uiyi — ^ leirany ciro-zjci~pyTaii j~l xi— 
pyrazoiOLj y^-ujpynuiiic- j l«c*j. uuxiy ui ttxivic 


^1 

Zl 


JL cuanyQro~^xx~pyr <ixi~*t**<iiiiiiic7 ^ ^»j.iixiiij uc u cti.iy vii u|jy i <n 1 


A 

ZxA 


Jl eixanyoro ^XT^pyr<txi"^T~oiiiiJUic iiy cu. uuinui ilil; ~ aixjuiiiJicuaJLiyuxi/^/yiaii 
nyLir uL/iiiui iuc 




iN — Xiy ClTOAy ■£* "II1C vxlxj A.y c LliaiXJJlLUUal 1 JUL Lit 


Zj 




*JA 




ZD 


1 _ A f pK/1 -A-n m in rvni npri din e nvdronnl rvri d p 


26 


3 -Methyloxetane-3 -carboxylic acid 


27 


(4-Methylpiperazin-l-yl)acetic acid 


28 


(lsopropylamino)(oxo)acetic acid 


29 


l-Metliyl-5-oxopyrrolidine-3-carboxylic acid 


30 


Tetrahydro-2H-pyran-4-carboxylic acid 


31 


Morpholin-4-ylacetic acid 


32 


Tert-butoxyacetic acid 
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33 


Methyl (2,S)-2-({[l-el3iyl-4-(tetrahydro-2ff-pyran-4-ylamino)-liy- 
r\-\rra'7rAc\K'\ 4-fclnvridin-5-v11carhonvll amino V3-hvdroxvDrot)anoate 


34 


1 -Ethyl-iV-(2-hydroxy- 1 -methylethyl) -4-(tetrahydro-2i7-pyran-4- 
T-T-rwm 7o1 n f3 4-^lnvridme-5-carboxaiiiide 


35 


Ethyl 4-ethoxy-l -ethyl- lH-pyrazolor3,4-h]pyridine-5-carboxylate 


36 


xitnyi ^HCuioxy- 1 ri-p yrciz,uiu l-j, h— ujpyi lumo «j v/<uuuAy xai^ 


37 


Ethyl 4-(tetrahydro-2H-pyran^ 
5 -carooxyiate 


38 


Ethyl l-n-propyl-4-(tetrahydro-2H-pyran-4-ylainmo)-l/ir-pyrazolo[3,4- 
0 jpynuiiieo -carDoxyiaxe 


39 


l-n-Propyl-4-(te1rahy(^ 
0jpyriaino-*->-caruoxyiic aciu. 


40 


IST-Acetyl 1 -n~propyl-4~(tetrahydro-27/-pyran-4-ylamino)- 1 H- 
pyrazoio y^r-D jpyn.uin.c-D -caruuny uxo^iuc 


41 


Et%l 4-[(l-acetyi-4-piperidinyl) 
c>jpyri(lin.e-j -carDOxyiaie 


42 


l-E&yl-iV^[(li2)-2-hydroxy-l-phenylemyl]-4-(tetrahydro-2H r -pyran-4- 
yiainixxO J- 1 rz -pyrazoio l j > 4 t- ojpyiiuineo-caruox<ximu.c 


43 


l-Etliyl-jVH(l^-2-hy(ko 
ylainino)-l/z-pyrazoio[ j,4-ojpynaine-j-carD 


44 


l-Ethyl-iV r -[(liS)-2-hydroxy-l-(phemylme1hyl)ethyl]-4-(teti^ydr^ 

>f , rl nrvi -* 1 XT ■r\-\rf*> r re\\r\X'X A— A ItYV/inHtllP-^.-PaTT^rrV'aiTl'idp 

pyran-H—yia* 11 1 " o ) - 1 xi -pyrazo 10 l >^ "J py r iujuulc- j -uoj. uuaoiiiiuc 


45 


l-Ethyl-iV'-[(li?)-2-hydroxy-l-(phenylmethyl)ethyl]-4-(tetrahydro-2ii r - 
T)yran*-^T~y I ainino i/x-pyrazoio ^3 c/ j pyixixiiic-»/-v^cii lj\jjl<ilijai±\*> 


46 


1 -Ethyl-^-[(15,2i?)-2-hydroxy-l -phenylpropyl]-4-(tetrahydro-2 u H r - 
p yran-^f-y i arn «no )-iri -pyr azoiu jo jp y nuxiic- j -^<u u ua auxxu.^ 


47 


i t?+v»t/1 7^rrtoi?\ 9 Vi a^H my \/-9 -r»h pn a/1 pth vl 1 -4— f t pfra h vdro-2 77^r> vr an ~4- 
ylamino)-liY-pyrazolor3,4-&]pyri<iine- 


A O 

48 


1 Ti+Vn/l AT" ^\ 0 _h ^/rlT-r»Y\/-9 -r>Ti pn vl eth vl 1 -4— Ctetrab vdro-27T-Dvran-4- 
ylamino)-12f-pyrazolor 


49 


1 T7+UxA A/ - O 1 - H i m pfV» vl pfh vl V4- f t Rtra n vdro -2 /7-r> vr an-4- 
ylairiino)-l^-pyrazolor3,4-6]pyri(i^ 


50 


iV-iTie uiyiieixanyuro-*zri *-pyi cm^-«iuiiiic 


51 


tt+'Ux rl 1 ^fV»A/l_zl Tm v1 ^ fpfraVi vHrn-9 W^n vr?in-4— vl ^arniTiol-l//- 
Dtliyi 1 — \3 IXiy ir^r II11C lliy x^ L c lx axxy ui v— >Cl£ ji — |J y x axx— r jfxyoxxxxxxv/j 

•t>t n-o 7a1 r»r^ A_ Al r%\/ri din S - n aTh nvvl a fp 

p yT <X/Aji\J I 3 — U | pyi ivxxxxv*— vtu. u\jj^y lait' 


52 


1 P?t"hx/1 A- Tm n vl ^fptrah vdrn-^ ^/-nvraTi -4-vl^aminol - 1 /7-D vrazolo T3 ,4- 

i_— MZfXSLyx *r 1 lxxClxxyxi twixcixxyvxxw xai l/ y x cxn™~i y a y cuaxxxo.v^j x^x \fj x ±±*->*-r*-*^ ^ ? 

&]pyridine~5-carboxylic acid 


53 


>T-Acetyl-l-ethyl-4-[melxiyl(tetrahy^ 
pyrazolor3,4-b]pyridine-5-carbohydrazide 


54 


/ra/25-4-Aminocyclohexanol 


55 


Tetrahydro-2ix r -p yran-3 - amine hydrochloride 


56 


4-Aminocyclohexanone hydrochloride 


57 


iV-Propyltetrahydro-2H-pyran-4-aix^ 
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58 


Ethyl 4-chloro- 1 -ethyl-6-metb.yl- l#-pyrazolo[3 ,4-6]pyridine-5- 
r.arh ox vl ate 


59 


Ethyl 1 -ethyl-6-methyl-4-(tefr IH- 
pyrazolor3,4-6]pyridine-5-caxboxylate 


OU 


i -THt*hvU6-.mathv1 -4-f tetrahvdro-2JY-D vran-4-vlaminoV lii/-PVrazolo \3 A- 
Z?lpyridine-5-carboxylic acid 


ol 


A/t 9 -Dim pfh v1 nron an o vl V 1 -eth vl- 6-meth vl-4- f tetr ah vdro-2ii r -pyr an- 
4-ylamino)-lff-pyraz^^ 


ox 


1 1 -Dimethvlethvl 2- f Tl -ethvl- 6-meth vl -4-f tetrahvdro~2i7-p vran-4- 

ylamino)-lff-pyrazolo[3 3 4-6]pyridin-5- 

vllrarhonvl^hvdrazinecarboxvlate 


63 


l-Ethyl~6-methyl-4-(tefr^ 
&]pyridine-5-carbohydrazide hydrochloride 




1 P tVi \A -fk -m p+h vl -4-f te train vdro -2 i^-n wan^-vlamino VA^- rtetrahvdro- 
2H-p5a^-4-ylcarbonyl)-lH-pyrazolo[3^felpyridine-5-carbohydrazide 


65 


iST-(Cyclobutylcarbonyl)-l-et]iyl-4-(tetrahydro-2Jy-pyrm-4-ylamino)- 
1 T^-\rrQ'7rk1r»r^ A-A irvvtnHme-S-carhohvoVaxide 


66 


l-Ethyl-iVH(5-oxo-2-pyrroh 

iri ominrt\ i TT-t\\rrA'7n\riT1 4-^lnvridiTie--5-carbohvdrazide ( non-Dreferred 
name) 


67 


7vr ro /o / r i _T?thv1 -4-ftetrahvdro-2 i?-o vran-4- vlamino V 1 JT-pvTazolo T3 ,4- 
6]pyridin-5-yl]carbonyl}hydr^^ (non- 

piClviivU. 1J<X1 1 lw/ 


68 


1 -Ethyl-xV-[( 1 -methyl-2-piperidinyl)carbony^ 

A~vl amino VI /7-r>vrazolor3 4-Z>lDvridine-5-carbohvdrazide 


69 


l-Ethyl-JNP-[(4-^ 

r> vran-4-vl amino VI 77-n vrazolo r3 ,4-6 lp\Tidine-5-carbohydrazide 


70 


l-Ethyl-iVH^-oxocyd^ 

vl ami no^-1 /7-nvrazolo F3 4-Z> Id vridine-5-carbohvdrazide 


71 


l-Ethyl-T^-Oetraiiydro-S-furanylcaxbon^ 
ylaiiiino)-l^pyrazolor3,4-fclpyridm 


7Z 


1 -pthvl-AT-r^-oxo-l 3~tWazolidin-4-vDcaxbonyll-4-(te1raJbydro-2 
pyran-4-ylaiiiino)-lif-pyrazolo[3,4-&]pyrito 


/o 


apv(7. 2-"DimethvlcvcloDroDvttcarboiiYll - 1 -ethyl-4-(tetrahydro-2fl r - 
pyran-4-ylamino)- lif-pyrazolo T3 ,4-Z?lpyridine-5-carbohydrazide 


7/1 


A/Lr?-r2-in -Eth vl-4- f tetrahvdro -2#-p vr an-4- vl amino)- li?"-pyrazolo [3 ,4- 

Wovridm-5-yllcarbonyl}hydra2^^ 

(non-preferred name) 


75 


l-E1hyl-A^-(tetraJiydro-2i7-pyraji-4-ylace^ 

yl amino)-l 7y-pyrazolor3 % 4-61pyridine-5-carbohydrazide 


76 


l-Ethyl-iV'-[(l-me1hylcyclobutyl)carbonyl]-4-(te1xahydro-^ 
ylaiiiino)-liy-pyra^ 


77 


l-Ethyl-iV'-r(3-methyl-5-isoxazolyl)carbonyll-4-(tetrah^ 
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4-ylaimno)-liy-pyrazo^ 


78 


l-Ethvl-A^-rri-methvl-li7-pvrazol-5-yl)carbonyl] 
pyran-4-ylamino)-lif-pyr^ 


79 


iV-rfl-Acetyl-4-piperidin^^^ 
4-ylamino)-liy-pyr^ 


ou 


(li?/^-xV-hydroxy-2-(4-mefo^ 


OA 


4-Fluoro-iV^hydroxybenzenecarboximidamide 


82 


(l£/Z)-i\T4iy<to^ 


83 


{5-[l-Ethyl-4-(tetr^^ 

/)1nvridin-5-vlVl 2 4-oxadiazol-3-vll acetic acid 


04 


1 1 -Dimpfhvlethvl 1 5 - r 1 -ethvl-4-f tetrahvdro -2iif-p vran-4-yl amino) - 1 
nvrarol o F3 4-Z> 1 Ljvridin-5 -vll - 1 .2,4-oxadiazol-3 - vl } acetate 


85 


1 ,1 -Dimethylethyl (3£/Z)-3-(hydroxyam^^ 




A/ 11 - f n -Rthvl-4-f te1xahvdro-2i^Dwan~4-ylaminoVli7-pyrazolo [3 ,4- 

6]pyridin-5-yl]carbonyl}-j^^ 

di amide 


87 


Ethyl (2-methyH,3-thiazol-4-yl) acetate 


QQ 
OO 


9-A/T<»tfiv1-1 ^-tViia7 , ol-4— vl acetic acid 


89 


l-Ethyl^-(tetrah^ 

-vlflrptvfWI TT-nvravolor^ 4-/>l nvri dine-5 - c arb ohvdr azide 


90 


iV'-[(2,4-Dimethyl-l,3-tMazol-5-yl)acetyl]-l-ethyl^(tetrahydro-2i^ 
•nvrnn-4-v1ammo^-lJ c f-Dvrazolor3 4— 61r)vridine-5-carbohv<irazid.e 


91 


l-Ethyl-iVK2-ft^ 

rvvr»7-n1or^ 4— 7)lr>vridine-5-carboh.vdrazide 


92 


1 -Ethyl-i\T-(3-isoxazolylacetyl)^-(tetrah^ 
nvra7n1ftR 4-ftlnvridine-5-carbohvdra2dde 


93 


l-Ethyl-iV , -{[4-(methyloxy)pheaiyl]acetyl}-4-(tetrahydro-2J?-pyr^^ 
vlnminriV-l W-r»vra7'olor3 4-Z>1tJvridine-5-carbohvdrazide 


94 


1 -Ethyl-4-(tetxahy<iro^ 1 -ylacetyl)- 
1 7T-nvrazolor3 4-felt>Yridine-5-carbohvdrazide 


95 


1 -Ethyl-i\P-(5-isotW 

1 /7-nvrazolor3 4-ft 1 d vri dine- 5 - c arb oh vdrazide 


96 


l-E1hyl-i^-[(3-metxiyl-54soxazolyl)ace1yl]^ 
ylaiiiino)-li?-pyrazolo[3 ,4-fe]pyridine-5-carbohydrazide 


07 

> / 


A/ 1 - 1 r4-rDimethvlamino > )Dhenvl] acetvl) - 1 -etlivl-4-(tetTahydro-2i^pyran- 
4-ylaixxino)»li¥-pyrazolo[3,4-&]pyridm 


98 


l-E1hyl-xV-[(2-metiiyl-l 3-tliiazol-4-^^ 

4-yl amino)-l jfiT-pyrazolo[3 ,4-felp yridine-5-carbohydrazide 


99 


2- {l-[2-(2- {[1 -Ethyl-4-(tetrahydro-2ff-pyran-4-ylaii^ 
pyrazolo[3,4-&]pyridin-5-yl]carbonyl}hydrazino)-2- 
oxoethyllcyclopentyl} ^zV-methylacetamide 


100 


iV-[2-(2- {[l-EthyM-(te1rahydro-2i^pyr^ 
Z>]pyridin-5-yl]carbonyl} hydrazino)-2- 
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oxoethyllcyclopropanecarboxamide (non-preferred name) 


101 


l-Ethyl-iV-[(5-methyW 

4-ylamino)-lH-pyrazolo[3,4-fe]pyridine-5-carbohydrazide 


102 


l-Ethyl-iV-[(5-methyl-^^^ 

ylainino)- 1 jY-pyrazolo [3 ,4-6] pyridine-5 -carb ohydrazide 


103 


1 -Ethyl-A^[3-(4-methyl- 1 , 3 -thiazol-5-yl)propanoyl] -4-(tetrahydro-2iir- 
pyran-4-ylamino)-l//-pyrazolo[3 ,4-6]pyridine-5-carbohydrazide 


104 


l-Ethyl-iV-[(6-oxo-2-p^ 
ylammo)-l#-pyrazolo[3^ 


1 AC 

105 


l -"Pthvl-A^-rn-methvl-l 77-1 2 4-triazol-5-vDacetvll -A-( tetrahvdro-2iy- 
pyran-4-ylaniino)-li^^ 


106 


a/» ly* ^_"nim pth v1 ~4-i <5nx a^ol vHacetvll - 1 -ethvl-4-f tetrahvdro^2i7-Dvran- 
4-ylaniino)-liY-pyrazolo[3,4-Z>1pyridm 


1U7 


istjco-O- /ri -Fth v1-4~fte1rahvdro-2iY-D\a:an-4-vlarnino V li7-pvrazolo r3 ,4- 
6]pyridm-5-yl]carbonyl}^ 


108 


iV-[(l-Acetyl-4-piperidinyl)acetyl]-l-ethyM-(te 

\/l QTYvinn^- 1 /^-iwrarnl n I" 3 4-Z> In vridine-5 -carbohvdrazide 


109 


l-Ethyl-JVH(4-methylphenyl)acely^^ 

vlaminnl-1 /7-r» vr a 7n 1 r> 1* "3 4-fclt)vridine-5-carbohvdrazid.e 


110 


l-Ethyl-iV-[(4-m^ 

vl ^minrii- 1 W-Twrarol o 1 3 4-&lr) vridine-5-carbohvdrazide 


111 


jV*-[(3,4-Dimetliylphenyl)^ 

vlnminM-l W-nvra7o1or3 4-Z?l d vridine-5-caxbohvdrazide 


11Z 


l\F-[( 2 4-DimethvlnhenvncarbonvlVl -ethvl-4-(tetrahy<iro-2ii r -pyran-4- 

J V *-i I ^^*T^x^xxxixivJLxjr xvyxxwxxjr xy w»*ti/vA*jr*j *■ v J \ »/ a 

vl amino V 1 77-o vrazolo r3 ,4-61p vridine-5-carbohydrazide 


113 


2V»_[(2^Dimethyiphenyl)acety^^ 

vlaminnVI /7-nwazolor3.4-Z/lDVridine-5-carbohydrazide 


114 


iV , -[(4-Bromophenyl)acetyl]-l-ethyl-4-(teti^ydro-2^-pyran-4- 
v1aminoVliy-nvrazolor3.4-dloYridine-5-carbohydrazide 


115 


4~Fluoro-iV-hydroxybera 


11<t 
no 


1 1 -Dimethvlethvl rteZi^-flivdroxvaniino^ 


117 


l^-Dimelliylethyl ({5-[ln3thyM^^ 

nvra7olor3 4-Wnvridin-5-vll-l,2.4-oxadiazol-3-yl}methyl)carbamate 


lift 


5-r3-fAminomethvlVl,2^ 

nvran-4-vlV liY-D vrazolor3 ,4-6 1p Yridin-4-amIne 


119 


4-CMoro-iV^({5-[l-ethyl-4-(tetrahy(ko-2if-pyran-4-ylamino)-lfl- 
pyrazolo[3,4-felp^din-5-yl]-l,2,4-oxadiia2ol-3-yl}methyl)butanamide 


120 


5-Chloro-iV-( {5-[l -ethyl-4-(tet^ydro-2^pyran-4-ylaiiiino)-l/f- 
pyrazolofS^felpyritiin-S-yll-l^^-oxadiazol-S-ynmethy^pentanaiiiide 


121 


(l^/Z)-7\^hydroxy-2-f4-morpholinvl)propaiiiiiiidaiiiide 


122 


(ljE/ZJ-Z-cyclohexyl-iV^hydroxyetiiaiiimidaniide 


! 123 


14-Dimethylethyl4-[(2Z)-2-(hy(koxyamino)-2-irninoethyl]-l- 
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pipencunecaTDoxyxaic , 


124 


1 1 "Hi TTi f^fh \/l ptVivl 4-f /S-M -ethvl-4-rte1rahvdro-277^Dvran^-vlaininoV 
1 £7 rwTrcjTTilrkr'} A-hltwridin-5-vri- 1 2 4-oxadiazol-3-vllrneth.vD-l - 

XjTZ— p yid^L/iwj -/ c/JLy jr iivj-JiXJ. *^ j J v/Aciuia J J j,ij.ww.xjr *y a 
P 1XJ Ci IUJ.1JLC \j OX LIU A jr laiw 


125 


i T?tlwl 2 4-oxadiazol-5-vll-iV : -ftetrahvdro- 
o tr rwn-Qn _ V 1 W r -T>vra7 p olor3 4-/>lnvridm-4- amine hvdrochloride 


12o 


TV/* Wt/Hrrwv- 1 -fan en vl sill fcfflvl ^cvcl ntrrrm an f*r.arh nvimi d anri de 


127 


/i j?iy\ A/LTTvHrn w-9 -r>h en v1 efh arrimi dami de 


128 


(1 i?/Z)-iV-Hydro^ 


129 


/ 7 Tp/ r 7\ Tsj TT-v/HrnY v-9 - \A-( m eth vl oy vYn hen vll ethanimidairride 


130 


/ 7 r/\ a r tjn rr i i-rk v \/-9 - - An n vl oYV^nh pn vll etTi an i m i d am i de 

1 / fj/^, l~yV~X^YCXlv>Ay ~ |_ J ~^lAlv?LlI.yAVJA-y ^Jfr/AAwlljrlJ wllJttl 1 111 11VJ.C*0,AJ.AVJ-^ 


131 


(ii?/Z)-2-r4-(Dimetiiylaim 


132 


/ 7 E , / r 7\ O r*3 oT^i-rir\YrvVi<=»-riT7'11_ A7!JHT/r1*v^Y\/^nS^nitnid3T"nidp 

(ixv/^j-z~[3-^iJimeuiyiaiiim /pxxsixyx j-i v-xxyuxuAy ci i i<tt 1 1 1 1 1 momiuc 


133 


(ii?/2)-i\r-Hyciroxy-2-(phen^ 


134 


(lii/Z)-iV-ny<lroxy-jd-^,o, / 5 o-te iranyaro l i ,z,^jmazoioL^,^-ajpynaiix-^-- 
yl)etxiaxiiixiidamide 


135 


xs/^)-iV-Myciroxy-z-^~pnenyi- x -pip crazixiyi ) eixxdiixxmudixxxu.c 


136 


1 -Ethyl-4-(tetrahydro-2i7-pyran-4-yl 

/»lr>vri dine-5~carHoxaiTlide 


137 


1 -Ethyl-4-(tetr^ 
frlpyridine-5-carbonitrile 


138 


l-E1hyl-Ar-hy(koxy-4-(tetTahy(k^ 
pyx^olo[3.4-6]pvridine-5-carboxxxrxidam 


139 


1 -Ethyl-i\^4-(hy^ 
2i¥-pyran-4-ylamino)-liy~py^ 



Intermediate! : Ethyl 4-chloro-l-ethyl-lH-pyrazolo[3,4-b]pyridine-5-carboxylate 

Prepared from commercially available 5-amino-l -ethyl pyrazole as described by G. Yu 
et. al. iny. Med Chem., 2001, 44, 1025-1027: 



Et 

Intermediate 2: Ethyl 4-(cyclopentylamino)-l-ethyl-lH-pyrazolo[3,4-b]pyridme-5- 
carboxylate 
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Intermediate 1 (0.05 lg) and cyclopentyl amine (0.019g) were suspended in ethanol (2ml) 
and triethylamine (0.14ml) was added. The mixture was stirred under nitrogen and heated 
5 at 80°C for 16h. After cooling to room temperature, ethanol was removed by evaporation 
under a stream of nitrogen and the residue partitioned between DCM and water. The 
organic layer" was loaded directly onto an SPE cartridge (silica, 5g) and eluted 
sequentially with; (i) DCM, (ii) DCM : Et 2 0 (2:1), (iii) DCM : Et 2 0 (1:1), (iv) Et 2 0, (v) 
EtOAc and (vi) MeOH. Fractions containing desired material were combined and 
10 concentrated in vacuo to afford Intermediate 2 (0.074g). LCMS showed MET*" = 303; Tret 
= 3.45min 

Intermediate 3: 4-(Cyclopentylamino)-l-ethyl-lH--pyrazoIo[3,4-b]pyridine--5- 
carboxylic acid 




C0 2 H 



15 

A solution of Intermediate 2 (2.2g) in ethanol: water (95:5, 16.85ml) was treated with 
sodium hydroxide (1.2g) and heated at 50°C for 16h. The mixture was concentrated in 
vacuo and the residue re-dissolved in water (0.85ml). The solution was acidified to pH4 
20 using acetic acid and the resultant white precipitate was collected by filtration and dried 
under vacuum to afford Intermediate 3 (1.9g). LCMS showed MKT*" = 275; Tret = 
2.65min 

Intermediate 4: N f -Acetyl-4-(Cyclopentylamino)-l-ethyl-lH-pyrazolo[3,4- 
25 b]pyridine-5-carbohydrazide 
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15 



25 




Intermediate 3 (0.066g), EDC (0.06g) and HOBT (0.03 5g) were suspended in DMF (2ml) 
and the mixture was stirred for 15 minutes. Acetic hydrazide (0.02g) was then added and 
5 the mixture stirred under nitrogen for 18h. Solvents were removed by concentration in 
vacuo and the residue partitioned between DCM and water; The layers were separated 
and the organic phase was washed with saturated aqueous sodium bicarbonate solution, 
) then concentrated and applied to an SPE cartridge, (aminopropyl, lg) which was eluted 

) with methanol. Concentration in vacuo afforded Intermediate 4 (0.043g). LCMS showed 

10 Mtf = 331; Tret = 2.38min. 

Intermediate 5: ^CyclopentylaminoH-ethyl-N'-KmethylsulfonyOacetyll-lH- 
pyrazolo[3,4-b3pyridine-5-carbohydrazide 



H^Y^ S02Me 




Intermediate 3 (0.12g), EDC (0.12g) and HOBT (0.072g) were suspended in DMF (2ml) 
A and stirred for 1 5 minutes. Intermediate 8 (0.082g) was then added and the mixture stirred 

under nitrogen for 18h. Reaction was incomplete so a further portion of Intermediate 8 
was added (0.040g) and stirring continued for a further 66h, Solvents were removed in 
20 vacuo and the residue partitioned between DCM and water. The aqueous phase was 
further extracted with DCM and the combined organic layers applied to an SPE cartridge 
(silica, 5g) which was eluted sequentially with a gradient of Et 2 Or MeOH (1:0, 9:1, 8:2, 
7:3 and 6:4). Fractions containing desired material were combined and concentrated in 
vacuo to afford Intermediate 5 (0.154g). LCMS showed MH 4 " = 409; Tret = 2.42min. 



Intermediate 6: Ethyl 4-(4-fluorophenylamino)-l-ethyl-lH-pyrazolo[3,4-b]pyridine- 
5-carboxylate 
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Intermediate 1 (0.05 lg) and 4-fluoroaniline (0.024g) were suspended in ethanol (2ml) 
and triethylamine (0.14ml) was added. The mixture was stirred under nitrogen and heated 
5 at 80°C for 16h. After cooling to room temperature, ethanol was removed by evaporation 
under a stream of nitrogen and the residue partitioned between DCM and water. The 
organic layer was loaded directly onto an SPE cartridge (silica, 5g) and eluted. 
sequentially with; (i) DCM, (ii) DCM : Et 2 0 (2:1), (iii) DCM : Et 2 0 (1:1), (iv) Et 2 0, (v) 
EtOAc, (vi) MeOH. Fractions containing desired material were combined and 
10 concentrated in vacuo to afford Intermediate 6 (0.077g). LCMS showed MH* = 328; Tret 
= 3.36min. 

Intermediate 7: 4-(CycIopentylamino)-l-ethyl-N-[methyl]-lH-pyrazolo[3,4- 
b]pyridine-5-carbohydrazide 




15 

Intermediate 3 (0.10g) was dissolved in DMF (2ml) and treated with HBTU (0.1 36g) and 
DIPEA (0.1 16g). A separate portion of Intermediate 3 (0.10g) was dissolved in DMF 
(2ml) and treated with EDC (0.096g) and HOBT (0.058g). The resultant suspensions 
were both stirred under nitrogen for 15min, then methyl hydrazine (0.017g) added to each 

20 and stirring continued under nitrogen for 18h. The mixtures were independently 
concentrated in vacuo and the residues partitioned between DCM and water. The organic 
layers were concentrated and each applied to an SPE cartridge (aminopropyl, 2g) which 
was eluted with methanol, followed by 10% ammonia in methanol. The two portions of 
Intermediate 7 thus afforded were combined (0.16g). LCMS showed MHT = 303; Tret = 

25 2.22min. 
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10 



Intermediate 8: Methanesulfonyl acetic acid hydrazide 

Prepared from commercially available ethyl methylsulphonyl acetate as described by D. 
E. Bays et. al. in EP 50407 : 

HOs^* 0 NH 2 NH 2 . H 2 Q N JL^ q *P 
lf,/\ EtOH TqA- 



Intermediate 9: Acetamidoxime 



N 



NH 2 

Can be prepared from aqueous hydroxylamine and acetonitrile as described by J. J. 
Sahbari et. al. in WO 00/032565. 

Intermediate 10: 4-(CycIopentylamino)-l-ethyl-N > -isobutyryl-lH-pyrazolo[3 > 4- 
b]pyridine-5-carbohydrazide 



P 




Intermediate 3 (0.060g), EDC (0.06g) and HOBT (0.035g) were suspended in DMF (2ml) 
15 and stirred under nitrogen for 15 minutes. Isobutyric acid hydrazide (0.027g) was then 
added and the mixture stirred under nitrogen for 18h. Solvents were removed in vacuo 
and the residue partitioned between DCM and water. The organic phase was washed with 
saturated aqueous sodium bicarbonate solution, then concentrated in vacuo and applied to 
an SPE cartridge (aminopropyl, lg) which was eluted with methanol. Concentration in 
20 vacuo afforded Intermediate 1 0. LCMS showed MH 1 " =359; Tret = 2.70min. 

Intermediate 11: 4-Chloro-l-ethyl-lH-pyrazolo[3,4-b]pyridine-5-carboxylic acid 



C0 2 H 

II J 
Et 

25 A solution of Intermediate 1 (3.5g) in dioxane (28ml) was treated with potassium 
hydroxide (6.3g) as a solution in water (20ml). The mixture, was stirred for 2h, then 
concentrated in vacuo, acidified to pH 3 with 2M aqueous hydrochloric acid and 
extracted with ethyl acetate. The layers were separated, the organic layer dried over 
sodium sulphate, then concentrated in vacuo to afford Intermediate 1 1 as a white solid 

30 (2.4g). LCMS showed MH + = 226; Tret = 2.62min. 
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Intermediate 12 : 4 -Chloro-l-ethyi-5-(5-methyl-l,3,4-oxadiazol-2-yl)-lH- 
pyrazolo[3,4-b]pyridine 



f rV- 




5 



15 



20 



25 



30 



Intermediate 11 (0.4g) was dissolved in thionyl chloride (3ml) and the mixture was 
heated at reflux (95°C) with stirring for lh. After cooling to room temperature, excess 
thionyl chloride was removed by evaporation under reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (2ml). This solution was added to a solution of 
acetic hydrazide (0.145g) and diisopropylethylamine (0.465ml) in anhydrous acetonitrile 
(2ml), and the mixture stirred for a further 2h. The mixture was concentrated in vacuo 
and the residue treated directly with phosphorus oxychloride (4ml). The resultant solution 
was stirred and heated at reflux (120°C) for 0.5h, then allowed to cool and purified by 
Biotage (silica, 40g), eluting with cyclohexane : EtOAc (1:1) to afford Intermediate 12 
(0.32g). LCMS showed MH* = 264; Tret = 2.55 min. 

Tntermediatel3:4 -Chloro-l-ethyl-5-(5-isopropyl-l,3,4-oxadiazol-2-yl)-lH- 
pyrazolo[3,4-b]pyridine 



Intermediate 11 (0.05g) was dissolved in thionyl chloride (1ml) and the mixture was 
heated at reflux (95°C) with stirring for lh. After cooling to room temperature, excess 
thionyl chloride was removed by evaporation under reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (0.5ml). This solution was added to a solution of 
isobutyric acid hydrazide (0.025g) and diisopropylethylamine (0.058ml) in anhydrous 
acetonitrile (1ml), and the mixture stirred for a further 1.5h. The mixture was 
concentrated in vacuo and the residue treated directly with phosphorus oxychloride (2ml). 
The resultant solution was stirred and heated at reflux (120°C) for 2h, then allowed to 
cool and concentrated in vacuo. The residue was applied to an SPE cartridge (silica, 5g) 
which was eluted sequentially with a gradient of EtOAc : cyclohexanl (i) 1:16, (ii) 1:8, 
(iii) 1:4, (iv) 1:2, (v) 1:1 and (vi) 1:0. Fractions containing desired material were 
combined and concentrated in vacuo to afford Intermediate 13 (0.049g). LCMS showed 
MH+ = 292; Tret = 2.96min. 
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15 



Intermediate 14: 5-(5-Tert-butyM,3>4-oxadiazol-2-yl)-4-chloro-l-ethyl-lH- 
pyrazolo[3 ? 4-b]pyridine 




Intermediate 11 (0.40g) was dissolved in thionyl chloride (3ml) and the mixture was 
5 heated at reflux (95°C) with stirring for lh. After cooling to room temperature, excess 
thionyl chloride was removed by evaporation under reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (2ml). This solution was added to a solution of 
pivalic acid hydrazide (0.228g) and diisopropylethylamine (0.465ml) in anhydrous 
acetonitrile (2ml), and the mixture stirred for a further 1.5h. The mixture was 
4) 1 0 concentrated in vacuo and the residue treated directly with phosphorus oxychloride (5ml). 
) The resultant solution was stirred and heated at reflux (120°C) for 1.5h, then allowed to 

cool, concentrated in vacuo and purified by Biotage (silica, 40g), eluting with petroleum 
ether (40/60) : EtOAc (1:1) to afford Intermediate 14 (0.388g). LCMS showed MH* = 
306; Tret = 3.14 min. 



Intermediate 15: 4 -Chloro-l-ethyl-5-{5-[(methylsulfonyl)methyl]-l ? 3 > 4-oxadiazoI--2- 
yl}-lH-pyrazoIoI3,4-b]pyridine 




Intermediate 11 (0.68g) was dissolved in thionyl chloride (4ml) and the mixture was 
20 heated at reflux (95°C) with stirring for lh. After cooling to room temperature, excess 
thionyl chloride was removed by evaporation under reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (3ml). This solution was added dropwise over 5 
minutes to a solution of Intermediate 8 (0.504g) and diisopropylethylamine (0.787ml) in 
anhydrous acetonitrile (12ml), and the mixture then stirred for a further lh. The mixture 
25 was concentrated in vacuo and the residue treated directly with phosphorus oxychloride 
(8ml). The resultant solution was stirred and heated at reflux (120°C) for 2.5h, then 
allowed to cool, concentrated in vacuo and purified by Biotage (silica, 40g), eluting first 
with petroleum ether (40/60) : EtOAc (2:1), then with petroleum ether (40/60) : EtOAc 
(1:1). Fractions containing desired material were combined, concentrated in vacuo and 
30 the residue further purified by trituration with diethyl ether to afford Intermediate 15 
(0.41g). LCMS showed MH* = 342; Tret = 2.46 min. 
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Intermediate 16; Ethyl l-ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4- 
b]pyridine-5-carboxylate 



5 Intermediate 1 (0.20g) and triethylamine (0.55ml) were suspended in ethanol (8ml) and 
4-aminotetrahydropyran (Intermediate 21, 0.088g) was added. The mixture was, stirred 
under nitrogen, heated at 80°C for 16h, then concentrated in vacuo. The residue was 
partitioned between DCM and water. The layers were separated and the organic layer was 
loaded directly onto an SPE cartridge (silica, 5g) which was eluted sequentially witl; (i) 
10 DCM, (ii) DCM : Et 2 0 (2:1), (in) DCM : Et 2 0 (1:1), (iv) Et 2 0 and (v) EtOAc. Fractions 
containing desired, material were combined and concentrated in vacuo to afford 
Intermediate 16 (0.21g). LCMS showed MH + = 319; Tret = 2.93min. 

Intermediate 17 ; l-Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4- 
15 b]pyridine-5-carboxylic acid 



A solution of Intermediate 16 (0.21g) in ethanol : water (95:5, 10ml) was treated with 
sodium hydroxide (0.12g). The mixture was heated at 50°C for 8h, then concentrated in 
vacuo, dissolved in water and acidified to pH 4 with acetic acid. The resultant white solid 
20 was removed by filtration and dried under vacuum to afford Intermediate 17 as an off- 
white solid (0.16g). LCMS showed MH + = 291; Tret = 2.11min. 

An alternative preparation of Intermediate 17 is as follows: 

A solution of Intermediate 16 (37.8g) in ethanol : water (4:1, 375ml) was treated with 
25 sodium hydroxide (18.9g). The mixture was heated at 50 °C for 5 hours, then 
concentrated in vacuo, dissolved in water and acidified to pH 2 with aqueous 
hydrochloric acid (2M). The resultant white solid was removed by filtration and dried 
under vacuum to afford Intermediate 17 as an off-white solid (29.65g). LCMS showed 
MH* = 291; Tret = 2.17 min. 





30 
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9 



20 



Intermediate 18 : Tert-butyl 2-{[l-ethyW-(tetrahydro-2H-pyran-4-ylamino)-lH- 
pyrazolo[3,4-b]pyridin-5-yI]carbonyl}hydrazinecarboxyIate 




A suspension of Intermediate 17 (1.48g), EDC (1.34g) and HOBT (0.83g) in DMF 
5 (20ml) was stirred at room temperature for 30min. t-Butyl carbazate (0.68g) was then 
added and stirring continued under nitrogen for a further 66h. The mixture was 
concentrated in vacuo and the residue divided into two portions for purification. Each 
£ portion was applied to an SPE cartridge (aminopropyl, lOg) which was eluted with 

) methanol and the combined eluents were concentrated in vacuo. Further purification was 

10 carried out by Biotage (silica, 40g), eluting with cyclohexane : ethyl acetate (1:4). 
Fractions containing desired material were combined and concentrated in vacuo to afford 
Intermediate 18 (1.39g). LCMS showed MH*~ = 405; Tret = 2.64min. 

Intermediate 19: l-Ethyl^(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4- 
15 b]pyridine-5-carbohydrazidedihydrochloride 




N NH 2 2HC| 

Intermediate 18 (1 39g) was treated with a 4M solution of hydrochloric acid in dioxane 
(8ml) and the mixture stirred under nitrogen for Ih. Concentration in vacuo afforded 
Intermediate 19 as a white solid (L17g). LCMS showed MET 4- = 305; Tret = 2.04min. 

Intermediate 20: N v -(CycIopropyIcarbonyl>l-ethyl-4-(tetrahydro-2H-pyran-4- 
ylamino)-lH-pyrazolo[3,4-b]pyridine-5-carbohydrazide 




25 



A solution of Intermediate 19 (0.045g) in THF (2ml) was treated with DIPEA (0.045ml), 
then with cyclopropylcarbonyl chloride (0.013g) and stirred at room temperature for 16h. 
The mixture was concentrated in vacuo and the residue partitioned between 
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15 



35 



dichloromethane and water. The layers were separated and the organic layer concentrated 
in vacuo, then applied to an SPE cartridge (aminopropyl, lg). The column was eluted 
with methanol to afford Intermediate 20 as a white solid (0.02g). LCMS showed MH*" = 
373; Tret = 2.15min. 



Intermediate 21: 4-Aminotetrahydropyran 



H 2 N 




Commercially available from Combi-Blocks Inc., 7949 Silverton Avenue, Suite 915, San 
Diego, CA 92126. CAS (Chemical Abstracts) Registry Number 38041-19-9. 

Intermediate 21 A: Tetrahydro-2H-pyran-4-amine hydrochloride = 
4-Aminotetrahydropyran hydrochloride 

O A^N. A" 1 NH 2 .HCI 



Stepl: N,N-dibenzyltetrahydro-2H-pyran-4-amine 

Dibenzylamine (34.5g) and acetic acid (6.7ml) were added to a stirred solution of 
tetxahydro-4H-pyran-4-one (16.4g, commercially available from e.g. Aldrich) in 
dichloromethane (260ml) at 0 °C to 5 °C. After 2.5h at 0 °C to 5 °C, sodium 

20 triacetoxyborohydride (38.9g) was added portionwise, and the mixture was allowed to 
warm to room temperature. After stirring at room temperature overnight, the reaction 
mixture was washed successively with 2M-sodium hydroxide (200ml and 50ml), water (2 
x 50ml) and brine (50ml), then dried and evaporated to give a yellow oil (45g). This oil 
was stirred with methanol (50ml) at 4 °C for 30min to give the product as a white solid 

25 (21 .5g). LCMS showed MH + = 282; Tret = 1 98 min. 

Step 2: Tetrahydro-2H~pyran-4-amine hydrochloride 

N ^dibenzyltetrahydro-2ff-pyran^-amine (20.5g) was dissolved in ethanol (210ml) and 
hydrogenated over 10% palladium on carbon catalyst (4g) at 100 psi for 72h at room 
30 temperature. The reaction mixture was filtered and the filtrate was adjusted to pH 1 with 
2M-hydrogen chloride in diethyl ether. Evaporation of solvents gave a solid which was 
triturated with diethyl ether to give the product as a white solid (9.23g). l U NMR 
(400MHz, d 6 -DMSO, 8ppm) 8.24 (br. s, 3H), 3.86 (dd, 12, 4Hz, 2H), 3.31 (dt, 2, 12Hz, 
2H), 3.20 (m, 1H), 1.84 (m, 2H), 1.55 (dq, 4, 12Hz, 2H). 



Intermediate 22: N f -Hydroxy-2-methoxyethanimidamide 



NH 2 
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A solution of methoxyacetonitrile (12.26g) in ethanol (220ml) was treated with, 
hydroxylamine hydrochloride (11.95g) followed by potassium carbonate (22.9g) and 
heated under reflux for 2 days. The mixture was concentrated in vacuo, then partitioned 
between ethylacetate and water. The organic layer was concentrated in vacuo to afford 
5 Intermediate 22 as a colourless liquid (7.6g). l K NMR (CDC1 3 ) 7. 1 6 (3H, s), 7.67 (s, 2H), 
9.32 (brs, 2H), 13.08 (1H, s). 

Intermediate 23; 2-rPimethylamino)-N'-hydroxyetfaanimidamide 

1 0 Can be prepared in an analogous manner to Intermediate 9, starting from dimethylamino 
acetonitrile. 

Intermediate 24: N'-Hydroxy^-morpholin^-ylethanimidamide 

N 



25 



O 



NH 2 



15 Can be prepared in an analogous manner to Intermediate 9, starting from morpholino 
acetonitrile (itself commercially available from TCI America, 921 1 North Harborgate 
Street, Portland, OR 97203, USA). 

Intermediate 25; l-AcetyI-4-aminopiperidine hydrochloride 

20 Prepared from commercially available Nl-benzyl-4-aminopiperidine as described by 
Yamadae/. al In WO 00/42011: 



NH 2 




NHBoc NHBoc NHBoc ^H 2 .HCI 

B 0C2 O H^Pd/C^A^ Ac^O f^s> HCI 



Intermediate 26: 3-Methyloxetane-3-carboxylic acid 




,OH 

O 



Can be prepared by oxidation of 3-Methyl-3-oxetanemethanol (commercially available 
from e.g. Fluka, CAS (Chemical Abstracts) Registry Number 3143-02-0) according to the 
30 procedure described by H. Fiege et. al in DE3618142. 



Intermediate 27: (4-Methylpiperazin-l-yl)acetic acid 
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OH 

Commercially available from ChemPacific USA Sales Marketing and Research Center, 
6200 Freeport Centre, Baltimore, MD 21224, USA (CAS Registry Number 54699-92-2). 

Intermediate 28: (Isopropylamino)(oxo) acetic acid 

O 



ho y\- 



o 

Commercially available from Austin Chemical Company, Inc., 1565 Barclay Blvd., 
10 Buffalo Grove, IL 60089, USA. CAS (Chemical Abstracts) Registry Number 3338-22-5. 

Intermediate 29: l-Methyl-5-oxopyrrolidine-3-carboxylic acid 




O 

Commercially available from MicroChemistry-RadaPharma, Shosse Entusiastov 56, 
1 5 Moscow 111 123, Russia. CAS (Chemical Abstracts) Registry Number 42346-68-9. 



Intermediate 30: Tetrahydro-2H-pvran-4-carboxyIic acid 

*OH 



O 1 ' 



Commercially available from Combi-Blocks Inc., 7949 Silverton Avenue, Suite 915, San 
20 Diego, CA 92126, USA. CAS (Chemical Abstracts) Registry Number 5337-03-1. 

Intermediate 31; Morpholin-4-ylacetic acid 

rw OH 

o^l o 

Can be prepared from ethyl bromoacetate as described by Z. Dega-Szafran et. al. in J. 
25 Molecular Structure, 2001, 560, 261-273. 

Intermediate 32: T ert-butoxyacetic acid 



o 

A suspension of sodium t-butoxide (24.1g) in t-butanol (150ml) was cooled in a water 
30 bath and treated drop-wise with a solution of chloroacetic acid (1 1 -4g) in t-butanol 
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(30ml). The mixture was heated under reflux for 5h then concentrated in vacuo. The 
resultant white solid was dried in vacuo for 16h then water (100ml) was added and the 
mixture was filtered. The filtrate was treated with diethyl ether (150ml), then cooled in an 
ice bath, stirred and acidified to pHl with 2N sulphuric acid. The layers were separated 
and the aqueous layer was further extracted with diethyl ether. The combined organic 
extracts were dried (MgSC>4) and concentrated in vacuo to afford Intermediate 32 (1 1 . lg). 
l H NMR (400MHz, CDC1 3 , 5ppm) 1 .27 (9H, s), 4.04 (2H, s). 

Intermediate 33; M ethyl (25-)-2-({[l-ethyl-4-(tetrahydro-2jy-pyran-4-ylamino)-lJEr- 
pyrazolo[3,4-*]pyridm-5-yl]carbonyl}amino)-3-hydroxypropanoate 




.OH 



N C0 2 Me 
H 2 



Reaction scheme: 



5# 



NH 



C0 2 H 



^OH 

HjN^COaMe. 



hydrochloride 



EDC, HOBT, Et 3 N, DMF 



OH 



CO z Me 



Intermediate 17 

15 Intermediate 17 (O.lg, 0.34mmol), EDC (0.066g, 0.34mmol) and HOBT (0.05g, 
0.37mmol) were suspended in DMF (2ml) and stirred at room temperature under nitrogen 
for 15 mins. L-Serine methyl ester hydrochloride (0.054g, 0.34mmol) and triethylamine 
(0.036g, 0.36mmol) were added and the mixture stirred at room temperature under 
nitrogen for 18 hours. Solvents were removed in vacuo and the residue was partitioned 

20 between DCM and water. The organic layer was concentrated in vacuo and applied to an 
SPE cartridge (aminopropyl, 5g), which was eluted with methanol. Concentration in 
vacuo afforded an impure residue which was further purified by SPE cartridge (silica, 
5g), eluting with ethyl acetate followed by 5% methanol/ethyl acetate. The desired 
fractions were concentrated in vacuo to afford Intermediate 33 (0.055g). LCMS showed 

25 MH 4 " = 393; Tret = 2.22min. 
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Intermediate 34: l-Ethyl-JV-(2-hydroxy-l-methyIethyl)-4-(tetrahydro-2ir-pyran-4- 
ylamino)-UT-pyrazolo[3,4-6Jpyridine-5-carboxamide 




OH 



5 

A Intermediate 1 7 (0. 1 g, 0.34mmol), EDC (0.066g, 0.34mmol) and HOBT (0.05.g, 

) 0.37mmol ) were suspended in DMF (2ml) and stirred at room temperature under 

nitrogen for 15 min. 2-aminopropan-l-ol (0.026g, 0.34mmol) and triemylamine (0:036g, 
0.36mmol) were added and the mixture was stirred at room temperature under nitrogen 
10 for 6 hours. Solvents were removed in vacuo and the residue partitioned between DCM 
and water. The organic layer was concentrated and applied to an SPE cartridge 
(aminopropyl, 5g), which was eluted with methanol. Concentration in vacuo afforded 
Intermediate 34 (0.095g). LCMS showed MH* = 348, Tret= 2.15min. 

15 Intermediate 35 : Ethyl 4-ethoxy-l-ethyl-lH-pyrazolo[3,4-b]pyridine-5-carboxylate 

CO,Et ^ ^CO,Et 
2 Na, EtOH _ " f - ^ 





Intermediate 1 Intermediate 35 

Sodium (0.55g, 23.7mmol) was added portionwise to anhydrous ethanol (25ml) at 20 °C 
under an atmosphere of nitrogen. After stirring for 1 hour the solution was added to 

20 Intermediate 1 (4.622g, 18.22mmol) and the reaction mixture heated at reflux for 2 hours. 
The mixture was evaporated in vacuo and the residue partitioned between 
dichloromethane and water. The organic phase was washed with brine, dried (Na 2 S0 4 ) 
and evaporated in vacuo. The residue was purified on SPE cartridges (silica, 4 x 20g) 
eluting with dichloromethane, ethyl acetate:petroleum ether (1 :4, 1 :2 then 1:1) followed 

25 by ethyl acetate). Appropriate fractions were combined and evaporated in vacuo to afford 
Intermediate 35 as white solid (4.33g). LCMS showed MET 1 " = 264, Tret= 2.77min. 
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Intermediate 36 : Ethyl 4-ethoxy-lH-pyrazolo[3,4-b]pyridine-5-carboxylate 

(i) NBS, CCI 4 , reflux cpEt 
(ii) Na 2 C0 3 , aqueous THF 





Intermediate 35 

5 A mixture of Intermediate 35 (l.Og, 3.8mmol) and N-bromosuccinimide (1.49g, 

8.4mmol) in carbon tetrachloride (35ml) was heated at reflux for 3 hours. The reaction 
mixture was cooled in an ice-bath and the precipitate filtered. The filtrate was 
concentrated in vacuo and the residue dissolved m tetrahydrofuran (12.5ml). Water 
(3.5ml) and saturated sodium carbonate solution (3ml) were added and the mixture stirred 

10 at 20 °C for 1 8 hours. The reaction was diluted with water and extracted with ethyl 
acetate. The combined organic phases were dried (Na 2 S0 4 ) and evaporated in vacuo. 
The residue was purified on an SPE cartridge (silica, 20g) eluting with dichloromethane, 
chloroform, then chloroformrmethanol (99:1, 49:1, 19:1 then 9:1). Appropriate fractions 
were combined and evaporated in vacuo to afford Intermediate 36 as an off-white solid 

15 (0.45g). LCMS showed MH + = 236, TRET=2.46rnin. 



9 
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Intermediate 37 : Ethyl 4-(tetrahydro-2H-pyran-4-ylanrino)-lH-pyrazolo[3,4- 
b]pyridine-5-carboxylate 

q a 



OEt L J ~ *f» 

CO,Et I _/W C °2 Et 

1 2 




2 NH, 90 °C 



Sr 

H neat (no solvent) 

Intermediate 36 Intermediate 37 




5 Method 1: Intermediate 36 (0.03 5g) was placed in a Reactiyial™ and treated with 
4-aminotetrahydropyran (0.05ml). The mixture was heated at 90 °C for 1.5 hours, then 
allowed to cool to room temperature and partitioned between chloroform (2ml) and water 
(lml). The layers were separated and the organic phase was concentrated. The crude 
product was purified by mass directed autoprep HPLC to afford Intermediate 37 as an 
10 off-white solid (0.01 lg). LCMS showed Mtf"= 291; Tret = 2.08 min. 

Alternative Method 2: I ntermediate 36 (2g) was suspended in 4-aminotetrahydropyran 
(2g), and the mixture was heated at 90 °C for 6 hours. The residual mixture was allowed 
to cool to room temperature and partitioned between chloroform (50ml) and water 
15 (50ml). The phases were separated and the organic phase was evaporated to dryness. The 
residue was triturated with Et 2 0 (30ml) and the insoluble solid was collected and dried to 
afford Intermediate 37 as a cream solid (2.24g). LCMS showed MH**= 291; Tret = 2.19 
min. 

20 Intermediate 38 ; Ethyl l-n-propyl-4-(tetrahydro-21f-pyran-4-ylaiiunoH^- 
pyrazolo[3,4-6]pyridine-5-carboxylate 




Sodium hydride (0.067 g, 60% dispersion in oil) was added to a stirred solution of 
Intermediate 37 (0.47 g) in DMF (19 ml), followed by n-propyl iodide (0.17 ml). The 
25 mixture was stirred at 23 °C for 16 hours, then concentrated, diluted with chloroform (30 
ml) and washed with 1 :1 water:brine solution (30 ml), separated and the organic layer 
concentrated. The residue was purified on a SPE cartridge (silica, 10 g) eluting with 10 
ml volumes of dichloromethane, 1:1 diethyl etherxyclohexane, and diethyl ether. The 
combined 1:1 diethyl ether: cyclohexane, and diethyl ether, fractions were concentrated 
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to give Intermediate 38 as a clear gum (0.23 g). LCMS showed MH 4 " = 333; Tret = 3.14 



Intermediate 39 : l-n-Propyl-4-(tetrahy^ 
5 A]pyridine-5-carboxylic acid 



2M-Sodium hydroxide solution (0.7 ml) was added to a stirred suspension of 
Intermediate 38 (0.23 g) in ethanol (5 ml) and water (1.5 ml). After stirring overnight at 
room temperature, a further quantity of 2M-sodium hydroxide solution (0.7 ml) was 
10 added, and the reaction mixture was heated at 43 °C for 2.5 hours. The reaction solution 
was concentrated, diluted with water (5 ml) and acidified with 2M-hydrochloric acid. The 
resulting precipitate was collected by filtration, washed with water and dried to give 
Intermediate 39 as a white solid (0. 14 g). LCMS showed MET* - = 305; Tret = 2.42min. 

15 Intermediate 40 : N'-Acetyl l-n-propyI^(tetrahydro-2JT-pyran^ylamino)-l£T- 
pyrazolo[3,4-A]pyridine-5-carbohydrazide 



min. 





H 2 NNHC(0)CH 3 
DMF, EDC T HOBT 




Intermediate 39 



Intermediate 40 



20 



Intermediate 40 can be made from Intermediate 39 in a similar way to the process 
described for Intermediate 4, for example using a similar or the same number of moles of 
reagents and/or volumes of solvents. 
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Intermediate41 : Ethyl 4-[(l-acetyl-4-piperidinyl)amino]-l-ethyI-l J H-pyrazolo[3,4- 
ft]pyridine-5-carboxylate 



Intermediate 1 (0.079g, 0.56mmol), Intermediate 25 (0.129g, 0.51mmol) and 
dusopropylemylarnine (0.45ml, 2.55mmol) in acetonitrile (2ml) were heated at 85 °C for 
36 hours. The reaction mixture was concentrated in vacuo and the residue partitioned 
between DCM and water. The phases were separated using a hydrophobic frit 
(Whatman). The organic phase was evaporated in vacuo and the residue applied to an 
SPE cartridge (silica, 5g). The cartridge was eluted with EtOAc and then DCM / MeOH 
(1:1). Fractions containing the desired material were combined and concentrated in 
vacuo to afford Intermediate 41 (O.lg). LCMS showed MH 1 " = 360; Tret = 2.63min. 

Intermediate 42: l-Ethyl-iV-[(lJ?>2-hydroxy-l-phenylethyl]-4-(tetrahydro-2fl- 
pyran^-ylamino)-lJT-pyrazolo[3,4-ft]pyriduie-5-carboxamide 



Intermediate 17 (0.25g, 0.86mmol), EDC (0.23g, 1.2mmol) and HOBT (0.139g, 
1 .03mmol) were suspended in DMF (5ml) and the suspension was stirred at room 
temperature. After 25min, (2J?)-2-Amino-2-phenyleftianol (0.13g, 0.95mmol, 
commercially available from Aldrich) was added, and the mixture was stirred at room 
temperature for 20 hours. Solvents were removed in vacuo and the residue was dissolved 
in DCM (50ml) and washed successively with water (25ml) and 5% sodium hydrogen 
carbonate solution (25ml). The organic layer was dried over anhydrous sodium sulphate 
and concentrated in vacuo. The residue was dissolved in dichloromethane (5ml) and 
applied to a SPE cartridge (silica, lOg), which was eluted with a gradient of ethyl acetate 
- petroleum ether (1 :2, 1 : 1 and 1 :0). Fractions containing the desired material were 
combined and concentrated in vacuo to afford Intermediate 42 as a white foam (0.3 18g). 
LCMS showed MH* = 410; Tret = 2.55min. 
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Intcr mediate 43 : l-Ethyl-iV-Kl^-l-hydroxy-l-phenylethyll^-Ctetrahydro^fl- 
pyran-^ylaminoVlJy-pyrazoloIS^Alpyridme-S-carboxamide 



Intermediate 43 was prepared from Intermediate 17 and (25)-2-amino-2-phenylethanol 
(commecially available from Lancaster Synthesis) using an analogous method to that for 
Intermediate 42. LCMS showed MH + = 410; Tret = 2.55min. 

Intermediate 44 l-Ethyl-iV-[(15)-2-hydroxy-l-(phenylmethyl)ethyl]-4- 
(tetrahydro-2iT-pyran^ylamino)-lJT-pyrazolo[3,4-*]pyridine-5-carboxamide 



Intermediate 44 was prepared from Intermediate 17 and (2iS)-2-amino-3-phenyl-l- 
propanol (commercially available from Aldrich) using an analogous method to that for 
Intermediate 42. LCMS showed MH* = 424; Tret = 2.60min. 

Intermediate 45: l-Ethyl-iV-[(ll?)-2-hydroxy-l-^ 
(tetrahydro-2JJ-pyran^ylamino)-lJ^^ 



Intermediate 45 was prepared from Intermediate 17 and (2it)-2-aniino-3-phenyl-l- 
propanol (commecially available from Aldrich) using an analagous method to that for 
Intermediate 42. LCMS showed Mtt = 424; Tret = 2.59min. 
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Intermediate 46: l-Ethyl-iV-Kl.S^-l-hydroxy-l-phenylpropyll^Ctetrahydro- 
2fl-pyran-4-ylamino)-lfr-pyrazolo[3,4-6]pyridine-5-carboxamide 



Intermediate 46 was prepared from Intermediate 17 and (lS,2£)-l-amino-l-phenyl-2- 
propanol hydrochloride (commercially available from Arch Corporation, 100 Jersey 
Avenue, Building D, New Brunswick, NJ 08901, USA) using an analogous method to 
that for Intermediate 42. LCMS showed MET*" = 424; Tret = 2.58min. 

Intermediate 47: l-Ethyl-iV-[(2«)-2-hydroxy-2-phenylethyI]-4-(tetrahydro-2H- 
pyran-4-ylamino)-Lff-pyrazolo[3,4-A]pyridfae-5-carboxamide 



Intermediate 47 was prepared from Intermediate 17 and (li?)-2-amino-l-phenylethanol 
(commercially available from Aldrich) using an analogous method to that for 
Intermediate 42. LCMS showed MH* = 41 0; Tret = 2.62min. 

Intermediate 48: l-Ethyl-AT-[(25>-2-hydroxy-2-phenylethyl]-4-(tetrahydro-2iy- 
pyran-4-ylainino)-l^-pyrazolo[3,4-6]pyridine-5-carboxainide 






Intermediate 48 was prepared from Intermediate 17 and (lS)-2-amino-l-phenylethanol 
(commercially available from Fluka) using an analogous method to that for Intermediate 
42. LCMS showed MH f = 410; Tret = 2.62min. 
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Intermediate 49: l-Ethyl-iV-(2-hydroxy-l 5 l-dimethylethyl)-4-(tetrahydro-2i3- 
pyran-^ylanuno^UJ-pyrazoloP^-^lpyridine-S-carboxamide 




Intermediate 49 was prepared from Intermediate 17 and 2-amino-2-methyl-l-propanol 
5 (commercially available from Aldrich) using an analogous method to that for 
Intermediate 42. LCMS showed MH+ = 362; Tret = 2.28min. 

Intermediate 50 : A r -methvItetrahydro-2fl r -pyran-4-amine 

10 Can be prepared from tetrahydro-4H-pyran-4-one (commercially available from e.g. 

Sigma Aldich; CAS (Chemical Abstracts) Registry Number 29943-42-8) according to the 
procedure described by H.Hashimoto et al. in Organic Process Research and 
Development 2002, 6, 70. 

15 Intermediate 51 : Ethyl l-ethyl-4-Imethyl(tetrahydro-2J5r-pyran-4-yl)amino]-lJ5r- 
pyrazolo[3,4-*]pyridine-5-carboxylate 




Intermediate 1 (1.2g, 4.76mmol) , Intermediate 50 (0.79g, 5.2mmol) and 
diisopropylethylamine (4ml, 24mmol) in MeCN (8ml) was heated at 70 °C for 24 hours. 
20 The solvent was removed in vacuo and the residue partitioned between DCM and water. 
The organic phase was concentrated in vacuo and the residue chromatographed on silica 
(50g) eluting with cyclohexane:ethyl acetate (2:1 followed by 1:1 then 1:2). Appropriate 
fractions were combined and evaporated to give Intermediate 51 as a brown oil (1.21g). 
LCMS showed MH* = 334; Tret = 2.61min. 

25 
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Intermediate 52: l-EthyI-4-[methyl(tetrahydro-2/f-pyran-4-yl)amino]-lg- 
pyrazolo[3,4-A]pyridine-5-carboxylic acid 




Sodium hydroxide (0.43g, 10.8mmol) was added to a solution of Intermediate 5 1 in 
5 ethanol (1 0ml, 95%). The reaction mixture was heated at 50 °C for 1 8 hours. The solvent 
was evaporated in vacuo and the residue dissolved in water and acidified to pH 3 by the 
addition of aqueous hydrochloric acid. The solution was extracted with DCM. -The 
organic phase was separated using a hydrophobic frit (Whatman PTFE Folter Media with 
Polypropylene Housing 5|jM pore size) and the solvent evaporated in vacuo to give 
10 Intermediate 52 as a white solid (0.65g). LCMS showed MH + = 305; Tret = 1.97min. 

Intermediate 53; N'-Acetyl-l-ethyl^-EmethyKtetrahydro^H-pyran^-yQaniinol-lH- 
pyrazolo[3,4-b]pyridine-5-carbohydrazide 

o 



N N 



15 Intermediate 53 was prepared from Intermediate 52 using an analogous method to that for 
Intermediate 4. LCMS showed MET = 361; Tret = 1.91min. 

Intermediate 54: ^ra»5-4-Aminocyclohexanol 




H 2 N— < /""OH 



20 Commercially available from e.g. Acros. CAS (Chemical Abstracts) Registry Number 
27489-62-9. 

Intermediate 55: T etrahydro-2jEr-pyraa-3"amine hydrochloride 



-o 

25 Prepared as described in Armies De Quimica, 1988, 84, 148. 



Intermediate 56: 4-Aminocyclohexanone hydrochloride 
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NH 2 .HCI 



A solution of hydrogen chloride in dioxan (0.5ml, 2.0mmol, 4M) was added to a stirred 
solution of terr-butyl 4-oxocyclohexylcarbamate (0.043g, 0.20mmol, commercially 
available from Astatech Inc., Philadelphia, USA) in dioxan (0.5ml) and the mixture was 
stirred at room temperature. After lh, the reaction mixture was evaporated to give 
Intermediate 56 as a cream solid (34mg). *H NMR (400MHz in dg-DMSO, 27°C, 8ppm) 
8.09 (br. s, 3H), 3.51 (tt, 11, 3.5Hz, 1H), 2.45 (m, 2H, partially obscured), 2.29 (m, 2H), 
2.16 (m,2H), 1.76 (m,2H). 

Tntermediate 57: jV-Propyltetrahydro-2Jy-pyran^amine 



Can be prepared from tetrahydro-4H-pyran-4-one (commercially available from e.g. 
Sigma Aldich CAS 29943-42-8) as described by C. Zagar in WO 99/07702. 

Intermediate 58: Ethyl 4-chloro-l-ethyl-6-methyI-lJ9 r -pyrazolo[3,4-A]pyridine-5- 
carboxylate 



A mixture of 5-amino-l-ethylpyrazole (1.614g, 14.5mmol) and diethyl 2-(l- 
ethoxyethyhdene)malonate (3.68g, 16.0mmol, as described by P.P.T. Sah, J. Amer. 
Chem. Soc, 1931, 53, 1836) was heated at 150 °C under Dean Stark conditions for 5 
hours. Phosphorous oxychloride (25ml) was carefully added to the mixture and the 
resulting solution was heated at 130 °C under reflux for 18 hours. The mixture was 
concentrated in vacuo, then the residual oil was carefully added, with cooling, to water 
(100ml). The resulting mixture was extracted with DCM (3x1 00ml) and the combined 
organic extracts were dried over anhydrous sodium sulphate and concentrated in vacuo. 
The residual oil was purified by Biotage chromatography (silica, 90g) eluting with ethyl 
acetate-petrol (1:19). Fractions containing the desired product were combined and. 
concentrated in vacuo to afford Intermediate 58 (1.1 5g). LCMS showed MH* = 268; Tret 
= 3.18min. 




CI 
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Intermediate 59: Ethyl l-ethyI-6-methyI-4-(tefr 
pyrazolo[3,4-ft]pyridine-5-carboxylate 



4-Aminotetrahydropyran hydrochloride (Intermediate 21, 0.413g, 3.0mmol) was added to 
a mixture of Intermediate 58 (0.268g, l.Ommol) and N,N-diisopropylethylamine (0.87ml, 
S.Ommol) in acetonitrile (3ml). The resulting mixture was heated at 85 °C for 24 hours. 
Volatiles were removed in vacuo and the residue was dissolved in chloroform (1.5ml) and 
applied to a SPE cartridge (silica, 5g). The cartridge was eluted successively with Et 2 0, 
EtOAc and EtOAc-MeOH (9/1). Fractions containing the desired product were combined 
and concentrated in vacuo to give the desired product contaminated with starting material 
(Intermediate 51). Further purification using a SPE cartridge (silica, 5g) eluting with ethyl 
acetate-cyclohexane (1 :3) afforded Intermediate 59 (0.248g). LCMS showed Mlf « 333; 
Tret = 2.75min. 

Intermediate 60: l-Ethyl-e-methyM-^etrahydro^iJ-pyran-^ylaniino)-!^- 
pyrazolo [3 ,4-£]pyridine-5-carboxylic acid 



2M-Sodium hydroxide solution (0.75ml, 1.5rnmol) was added to Intermediate 59 (0.248g, 
0.75mmol) in ethanol (2ml), and the mixture was heated at reflux for 16 hours. The 
reaction mixture was concentrated, diluted with water (1ml) and acidified with 2M- 
hydrochloric acid (0.75ml) to precipitate a solid which was collected by filtration to 
afford Intermediate 60 (0.168g). LCMS showed MH* = 305; Tret = 1 .86min. 
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Tntermediate 61 : iV-(2^-Pimethylpropanoyl)-l-ethyl-6-methyl-4-(tetrahydro-2J^ 
pyran^ylamino)-l J H-pyrazolo[3,4-ft]pyridine-5-carbohydrazide 



Intermediate 60 (0.255g, 0.84mmol), EDC (0.225g, 1.17mmol) andHOBT (0.136g, 
l.Ommol) in DMF (5ml) was stirred at 20 °C for 75 minutes. Pivalic acid hydrazide 
(0.107g, 0.92mmol) was added and stirring continued for 18 hours. The reaction mixture 
was concentrated in vacuo and the residue partitioned between DCM and water. The 
organic phase was washed with aqueous sodium hydrogen carbonate then evaporated in 
vacuo to afford Intermediate 61 as a white solid (0.27g). ). LCMS showed MH/ = 403; 
Tret = 2.13min. 

Intermediate 62 : 1,1-Dimethylethyl 2-{[l-ethyl-6-methyl-4-(tetrahydro-2ST-pyran-4- 
ylanMno)-l^-pyrazolo[3,4-&]pyridm-5-yl]carbonyl}hydrazinecarboxylate 



Intermediate 60 (0.253& 0.83mmol), EDC (0.223g, 1.17mmol) andHOBT (0.135g, 
l.Ommol) in DMF (5ml) was stirred at 20 °C for 30 minutes. t-Butyl carbazate (O.llOg, 
0.83mmol) was added and stirring continued for 1 8 hours. The reaction mixture was 
concentrated in vacuo and the residue dissolved in DMF (5ml) additional EDC (0.159g0) 
and HOBT (0.1 12g) added. After 30 minutes t-butyl carbazate (0.019g) was added and 
stirring continued for 1 8 hours. The reaction was concentrated in vacuo and the residue 
partitioned between DCM and water. The organic phase was washed with aqueous 
sodium hydrogen carbonate then evaporated in vacuo. The material was applied to a SPE 
cartridge (silica, lOg) and eluted with cyclohexane: ethyl acetate (1:1 followed by 2:1) to 
afford Intermediate 62 as a white solid (0.19g). LCMS showed MH + = 419; Tret = 
2.35min. 

Intermediate 63: l-Ethyl-6-methyl-4-(tetrahydro-2jy-pyran-4-ylamino)-lJy- 
pyrazolo[3,4-&]pyridine-5-carbohydrazide hydrochloride 
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„NH 2 .HCI 



Intermediate 62 (0.19g, 0.46mmol) was dissolved in 4M hydrogen chloride in dioxane 
(5ml) and the reaction mixture stirred overnight at 20 °C. Concentration in vacuo 
afforded Intermediate 63 asawhite solid (0.161g). LCMS showed MH + = 319; Tret = 
1.72min. 

Intermediate 64 : l-Ethyl-6-methyI-4-(tetrahydro-^ 
(tetrahydro-2#-pyran-4-ylcarbonyl)-^^ 





JA 

10 Intermediate 30 (0.06g, 0.45mmol) and TBTU (0.146g, 0.45mmol) in DMF (5ml) was 
stirred at 20 °C for 30 minutes. A mixture of Intermediate 63 (0.1 6g, 0.45mmol) and 
diisopropylethylamine (0.32ml, 1 .82mmol) in DMF (1ml) was added and the reaction 
mixture stirred overnight under nitrogen. The reaction was concentrated in vacuo and the 
residue partitioned between DCM and water. The phases were separated using a 

1 5 hydrophobic frit (Whatman PTFE Folter Media with Polypropylene Housing 5^M pore 
size) and the organic phase evaporated in vacuo. The residue was applied to an SPE 
cartridge (aminopropyl, lOg) and eluted with MeOH. Appropriate fractions were 

f concentrated in vacuo then applied to an additional SPE cartridge (silica, 2g) which was 
eluted sequentially with a gradient of MeOH in DCM (i) 2%, (ii) 4%, (iii) 6% and (iv) 
20 10%. Fractions containing the desired material were combined and concentrated in vacuo 
to afford Intermediate 64 as a white solid (0.048g). LCMS showed MH 4 " « 43 1; Tret = 
1.87min. 

Intermediate 65: JV^Cyclobutylcarbonyl^l-ethyl^-ftetrahydro^^pyran^ 
25 ylamino)-ljff-pyrazoIo[3,4-A]pyridine-5-carbohydrazide 
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TBTU (0.050g, 0.15mmol) and diisopropylethylamine (0.04ml, 0.26 mmol) in DMF 
(0.5ml) was added to cyclobutylcarboxylic acid (R Y COOH, 0.01 5g, 0.15mmol). The 
reaction mixture was stirred for 40 minutes at 20 °C. A mixture of Intermediate 19 
(0.045g, 0.13mmol) and dusopropylemylamine (0.04ml, 0.26mmol) in DMF (0.5ml) was 
added and the reaction mixture stirred for 18h. The solvent was removed in vacuo and 
the residue applied to a SPE cartridge (aminopropyl, 2g). The cartridge was eluted with 
methanol to afford Intermediate 65 (0.052g). LCMS showed MH* = 387; Tret = 2.28min. 



Similarly prepared using the same or similar numbers of moles of reagents and/or 
volumes of solvents were the following: 





rYcooh 


Source of 
Acid 


MH+ 


Tret (min) 


Intermediate 
66 


„oVr° 


Sigma- 
Aldrich 


416 


2.03 


Intermediate 
67 


o 


Sigma- 
Aldrich 


404 


2.01 


Intermediate 
68 


vy 

o 1 


HC1 Salt: 
Maybridge, 
or 


430 


1.89 


Intermediate 
69 


O N-n / 

V-/ 


Interchim 
Intermediates 


429 


2.35 


Intermediate 
70. 


O 


Sigma- 
Aldrich, or 
XOrg. Chem. 9 
1997, 62, 
5144 


415 


2.12 


Intermediate 
71 


o 


Sigma- 
Aldrich 


403 


2.11 


Intermediate 
72 


p 


Sigma- 
Aldrich 


434 


2.15 


Intermediate 
73 


HOr A< 

o 


ChemPacific 


401 


2.46 


Intermediate 
74 


o 1 


Sigma- 
Aldrich 


418 


2.06 
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Intermediate 
75 


"IPG 


Astatech, or 
Med. 
i^nem., 
1993, 36, 
2300 


431 


2.18 


If i 1 • J. 

Intermediate 
76 


ho yV 

o 


V 1 in 4- Lm o fit ft 

oyjitnesis, 
1971, 258; or 
WO 
03/082190 




2 35 


Intermediate 
77 


O 


rLiir. J. JVLect. 
Chem., 1992 
37, 581 






Intermediate 
78 


O 


Indian J. 
Chemistry, 
2002, 41B, 
1093 


413 


2.24 


Intermediate 
79 


o 


Lancaster 
Synthesis 


458 


2.18 



Intermediate 80 : (17^-A^-hydroxy-2-(4-methyl-l-piperazinyl)ethanimidamide 




hydrochloride (1.06g, 15.4mmol) in ethanol (10ml). The reaction mixture was heated at 
reflux for 9 hours then allowed to cool. The reaction was filtered and the solvent 
evaporated in vacuo to afford Intermediate 80 (1.53g). !h NMR (400MHz in d 6 -DMSO, 
10 27°C, 5ppm) 9.02 (br s, 1H), 5.17 (br s, 2H), 2.78 (s, 2H), 2.31 (br s , 8H), 2.13 (s, 3H). 

Intermediate 81: 4-Flnoro-iV-hydroxybeiizenecarboxiniidaiiiide 




15 
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Commercially available from Sigma-Aldrich, CAS (Chemical Abstracts) Registry 
Number 22 179-78-8. 

Intermediate 82 : (l£/Z)-^-hydroxy-3-oxo-3-(l-pyrrolidinyl)propanimidamide 

¥ 



XX 



Commercially available from me Maybridge Chemical Company, CAS (Chemical 
Abstracts) Registry Number 57399-51-6. 

Intermediates 83 and 84 

The structures of Intermediates 83 and 84 and their preparation are as follows: 



a 



(i) TBTU, HOBT, DIPEA, DMF 
HO^ 



NH Oi) 




f\i JL 4> Intermediate 85 

N 




J ~ J 

' (Hi) 1,r-carbonyIdiimidazole(CDI), ^ 

1 00 degrees C Intermediate 84 



Intermediate 17 



a 



hydrolysis: e.g. 
(i) TFA, CH 2 CI 2 
y or (ii) anhydrous HCI 
in dfoxane 
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10 



15 



Intermediate 83: {S-Il-EthyM-Ctetrahydro-l^-pyran^-ylanuno^liy-pyrazoloia^- 
£]pyridin-5-yl]-l,2,4-oxadiazol-3-yI}acetic acid 




Anhydrous hydrogen chloride in dioxane (8ml, 4M solution) was added to fcitemediate 84 
(0.807g, 1.88mol). The reaction mixture was stirred overnight at room temperature then 
evaporated in vacuo. The residue was suspended in ether and the mixture filtered to give 
Intermediate 83 as a brown solid (0.525g). LCMS showed MET*" = 373; Tret = 2.62min. 

Intermediate 84: 1,1-Dimethylethyl {5-{l-ethyl-4-(tetrahydro-2J3-pyran-4-ylamino)- 
lfl-pyrazolo[3,4-A]pyridin-5-yl]-l^,4-oxadiazol-3-yl}acetate 




° A- 



Diisopropyethylamine (8.3ml, 47.5mmol) was added to a mixture of Intermediate 17 
(2.76g, 9.5mmol), TBTU (3.050g, 9.5mmol) and hydroxybenzotriazole (1.28g, 9.5mmol) 
in N,N-dimethylformamide (40ml) at room temperature. After stirring for 10 minutes 
Intermediate 85 (2.318g, 13.3mmol) was added. The reaction mixture was srirred for 50 
20 minutes then l.l'-carbonyldiimidazole (1.54g, 9.5mmol) was added and the reaction 
heated at 100 °C for 16 hours. The solvent was removed in vacuo and the residue 
partitioned between dichloromethane and water. The organic phase was washed with 
aqueous sodium hydrogen carbonate (5%) then dried (Na 2 S0 4 ) and evaporated in vacuo. 
The residue was purified by chromaography using the Biotage system (lOOg, silica) 
25 eluting with cyclohexane:ethyl acetate (1:1). Intermediate 84 was obtained a brown solid 
(0.97g). LCMS showed MH* = 429 Tret = 3.26min. 

Intermediate 85: 1,1-Dimethylethyl (3£/Z)-3-(hydroxyamtao)-3-immopropanoate 



30 
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The reaction scheme was as follows: 



C0 2 t-Bu 



c — \^oA/ NaOMe, MeOH, H 2 NOH.HCI N 

N ^ XT ^ H 2 N^ 

Available from Aldrich Intermediate 85 

A solution of sodium methoxide in methanol (50ml, 0.5M) was added to hydroxylamine 
5 hydrochloride (1.78g, 25.62mmol) at room temperature. After stirring for 15 minutes the 
solution was filtered and the filtrate added to t-butyl cyanoacetate (3.0g, 21.25mmol, 
available from Aldrich). The solution was refluxed for 1.75 hours then cooled and 
evaporated in vacuo. The residue was partitioned between ethyl acetate and water. The 
aqueous phase was extracted with ethyl acetate and the combined organic phases washed 
10 with brine, dried (MgS0 4 ) and evaporated in vacuo. The residue was suspended in 
cyclohexane: ether (1:1) then filtered to give Intermediate 85 as a white solid- (1.883g). 
lH NMR (400MHz in CDCI3, 27°C, 8ppm) 8.34 (br s, 1H), 5.05 (br s, 2H), 3.09 (s, 2H), 
1.47 (s,9H). 

15 Intermediate 86 : JNr-{[l-EthyM^tetrahydro-2Jy-p^ 

^pyridin-S-yllcarbonyO-JV^^^-tetramethylcarbonohydrazonicdiamide 




20 Intermediate 19 (O.lg, 0.29mmol), TBTU (0.094g, 0.29mmol) and diisopropylethylamine 
(0.204ml, 1.17mmol) in N,N-dimethylformamide (1ml) were stirred at room temperature 
for 1 hour. The solvent was evaporated in vacuo and the residue dissolved in methanol 
and applied to an SPE cartridge (aminopropyl, 5g). The cartridge was eluted with 
methanol and appropriate fractions evaporated in vacuo to give Intermediate 86 as a 

25 yellow solid (0.1 13g). LCMS showed MH* = 403; Tret = 1.99min. 

Intermediate 87 : Ethyl (2-metbyl-l,3-thiazol-4-yl) acetate 

Prepared as described by K. Arakawa et. al., Chem Pharm Bull, 1972, 20 (5), 1041 




30 
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Intermediate 88: 2-Methyl-l,3-thiazol-4-yl acetic acid 




To a solution of Intermediate 87 (6g, 32.4mmol) in dioxan (15ml) was added a solution 
5 of lithium hydroxide monohydrate (1.53g, 36.4mmol) in water (15ml). The mixture was 
stirred for 17h, then washed with diethyl ether (20ml), then with ethyl acetate (20ml) and 
acidified with concentrated hydrochloric acid under ethyl acetate (50ml). The combined 
aqueous phases were adjusted to pH 2.7 by addition of sodium bicarbonate and extracted 
with further ethyl acetate (2x50ml). The combined organic phases were washed with 
10 water (20ml) and saturated brine (20ml), then concentrated in vacuo to afford 
Intermediate 88 as a white solid (1.69g). *H NMR (400MHz in CDC1 3 , 27°C, 6ppm) 2.74 
(s, 3H), 3.85 (s, 2H), 5.8-6.2 (br, s, 1H), 7.02 (s, 1H). 

Intermediate 89 : l-Ethyl-4-(tetrahydro-2iT-pyran-4-ylamino)-A^-(l/r-l^,3-triazol-l- 
15 ylacetyl)-lJET-pyrazolo[3,4-6]pyridine-5-carbohydrazide 





General Procedure for Intermediates 89 to 1 14: 

20 



A mixture of carboxylic acid R Y CC>2H (0.2mmol), diisopropylethylamine (0.105ml, 
0.6mmol) and TBTU (0.071 g, 0.22mmol) in N,N-dimethylformamide (0.5ml) was 
allowed to stand for 10 minutes. A mixture of Intermediate 19 (0.2mmol) and 
diisopropylethylamine (0.035ml, 0.2mmol) in N,N-dimethylformamide (0.5ml) was 
25 added. After agitation the reactions were allowed to stand for 16 hours. The solvent was 
removed in vacuo and residue was applied to an SPE cartridge (aminopropyl, 0.5g). The 
cartridge was eluted with chloroform, ethyl acetaterchloroform (1:1), ethyl acetate, ethyl 
acetatermethanol (9:1, 2ml). Appropriate fractions were evaporated in vacuo to afford the 
Intermediates below. 



30 
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Intermediate 
Number 


RY 


Source of 
Carboxylic acid 

rYco 2 h 


MH* 


Tret (min) 


89 




Uuemracmc i-rta 




2 17 

Z>. X / 


90 




SPECS 

Fleminglaan 16 
2289 CP 
Rijswijk 

J. IXC IN C LXXCX ldiXLlo 


457 


2.3 


91 




Advanced 

Synthesis 

P.O. Box 

437920 

California 92173 
United States 


412 


2.4 


92 ' 


N-O 


iVQcrochemistry 
Ltd, Shosse 
Entusiastov 56, 
Moscow 
1111123, Russia 


413 


2.25 


93 




Aldrich 


452 


2.59 ! 


94 




iviayDrxixgo 
Chemical 
Company Ltd., 
Trevillett 
Tintagel, 
Cornwall PL34 
OHW, United 

TCir\crf\c\Yn 

JXJLLLgUAJXXX 


414 


2.2 


95 




Described by R. 
Raap et aL, 
US3271407A 




2.33 


96 




Aldrich 


427 


2.32 
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97 




Aldrich 


465 


2.21 


98 




Intennediate 88 


443 


2.33 


99 


\ 

NH 


Peakdale 
Molecular Ltd, 
Peakdale 
Science Park, 
onenieia Jtvoau, 
Chapel-en-le- 
Frith, High Peak 
SK23 0PG, UK 


485 


2.47 


100 




J. Cherru Soc., 
Perkin Trans n, 
1993, 4, 741-8 


429 


2.19 


101 




Lancaster 
Synthesis 


413 


2.42 


102 


t 


J. Chem. Soc. 
Perkin Trans. 1, 
1976, 9, 994-7 


427 


2.35 


103 




Microchemistry 
Ltd, Shosse 
Entusiastov 56, 

TV r\ o r+fwt T 

1VLOSCOW 

1111123, Russia 


457 


2.32 


104 


H 


Microchemistry 
Ltd, Shosse 
Entusiastov 56, 
jyioscow 
1111123, Russia 


429 


2.13 


105 


/ — ^ H 
< Vn 

H 


Microchemistry 
Ltd, Shosse 
Entusiastov 56, 
Moscow 
1111123, Russia 


427 


2.11 


106 




Microchemistry 
Ltd, Shosse 
Entusiastov 56, 
Moscow 
1111123, Russia 


441 


2.35 
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107 




Sigma Chemical 
Company 


417 


2.11 


108 


¥ 
O 


T. J. Guzi et.al., 
WO 03/022835 


471 


2.22 


109 


\=/ 


Aldrich 


437 ■ 


2.7 


110 




Aldrich 


423 


2.6 


111 




Aldrich 


437 


2.8 


112 




Aldrich 


437 


2.7 


113 




ACB Blocks Ltd 
or 

Described by 
Rzeszotarski, 
W.J. in WO 
93/05772 


451 


2.7 


114 




Aldrich 


501 / 503 


2.8 



Intermediate 115: 4-(Aminomethyl)benzamide 




o 



Can be prepared according to the procedure described by L.W Jones et al. WO 
02/085860. 

Intermediate 116: 1,1-Dimethylethyl [(2Z)-2-(hydroxyamino)-2- 
iminoethyl]carbamate 
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Prepared from commercially available N-(tert-Butoxycarbonyl)-2-aminoacetonitxile as 
decribedby M. Schwarz et. al WO 02/102799. 

Intermediate 117: 1,1-DimethylethyI ({5-[l-ethyl-4-(tetrahydro-2£T-pyran-4- 
5 ylamino)-l^-pyrazolo[3,4^]pyridin-5-yl]-l,2 ? 4-oxadiazoI-3-yl}methyl)carbamate 




10 Diisopropylethylamine (6.0ml, 34.4mmol) was added to a stirred mixture of Intermediate 
17 (2.0g, 6.89mmol), TBTU (2.212g, 6.89mmol) and HOBT (0.931g, 6.89mmol) in dry 
dimethylformamide (45ml). After lOmin, the resulting clear solution was treated with 
Intermediate 116 (1.89g, lOmmol). The reaction mixture was stirred at room temperature 
for 2h. DBU (5.14ml, 34.5mmol) was added, and the reaction mixture was heated at 

15 80°C. After 3.5h at 80°C, the reaction mixture was evaporated in vacuo, and the residue 
was dissolved in dichloromethane (150ml) and washed successively with 5% sodium 
hydrogen carbonate (50ml) and water (50ml). The organic solution was dried over 
anhydrous sodium sulphate and evaporated to give the crude product. Purification by 
Biotage chromatography (silica, lOOg) eluting with ethyl acetate-petroleum ether (1:1) 

20 afforded Intermediate 117 as a white solid (2.70g). LCMS showed MH 4 " =-444, Tret = 
3.06min. 

Intermediate 118 : 5-[3-(Ammomethyl)-l^,4-ox 
(tetrahydro-2Jy-pyran^ 

25 




Trifluoroacetic acid (5ml) was added to a stirred solution of Intermediate 117 (L774g, 
4.0mmol) in dry dichloromethane (20ml) at 0°C. After 2h, the reaction mixture was 
30 neutralised by careful addition of 5% sodium hydrogen carbonate solution (150ml) and 
solid sodium hydrogen carbonate. The resulting mixture was extracted with chloroform (2 
x 100ml). The combined organic extracts were dried over anhydrous sodium sulphate and 
evaporated to afford Intermediate 118 as a white solid (1.358g). LCMS showed MH 1 " 
=344, Tret = 1.95min. 
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Intermediate 119 : 4-Chloro-iV-({5-[l-etliyl-4-(tetrahydro-2H-pyran-4-ylammo)- 
ljy-pyrazoloIS^&lpyridin-S-yll-l^^oxadiazol-S-yllmethyObutanamide 




4-chlorobutanoyl chloride (0.12mmol) was added to a stirred solution of Intermediate 118 
(O.lmmol) and dnsopropylethylamine (0.3mmol) in chloroform (1ml) at room 
^ temperature. After stirring at room temperature for 16h, the reaction mixture was applied 

y 10 to a SPE cartridge (aminopropyl, 2g) and the cartridge was eluted sequentially with 
chlororm, ethyl acetate and methanol. Fractions containing the desired product were 
combined and blown down under nitrogen. The resulting residue was further purified on a 
SPE cartidge (silica, lg) eluting with a gradient of 30-100% ethyl acetate in petroleum 
ether to afford Intermediate 119 as a white solid (45mg). ). LCMS showed MH f =448, 
15 Tret ~ 2.77min. 

Intermediate 120: 5-CMoro-JV-({5-[l-ethyl-4-(tetrahydro-2iJ-pyran-4-ylainino)- 
ljBr-pyrazolo[3,4-A]pyridin-5-yl)-l^,4-oxadiazol-3-yl}methy0pentanamide 




20 

5-chloropentanoyl chloride (0.12mmol) was added to a stirred solution of Intermediate 
118 (O.lmmol) and diisopropylemylamine (0.3mmol) in chloroform (1ml) at room 
temperature. After stirring at room temperature for 16h, the reaction mixture was applied 

25 to a SPE cartridge (aminopropyl, 2g) and the cartridge was eluted sequentially with 
chlororm, ethyl acetate and methanol. Fractions containing the desired product were 
combined and blown down under nitrogen. The resulting residue was further purified on a 
SPE cartidge (silica, lg) eluting with a gradient of 30-100% ethyl acetate in petroleum 
ether to afford Intermediate 120 as a white solid (46mg). LCMS showed MH 4 " =462, Tret 

30 = 2.86min. 



Intermediate 121: f l£/Z)-iV-hydroxy-2-(4-morpholinyl)propanimidamide 
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J 




Prepared from a-methyl-4-morpholineacetonitrile using a similar process to that 
described for any of Intermediates 9, 22 or 80 using similar or the same number of moles 
of reagents and/or volumes of solvents. 1H NMR (27 °C, d4-MeOH) 3.70-3.60 (m, 5H), 
5 3.13-3.07 (m, 2H), 2.83-2.76 (m, 2H), 1.84 (d, J = 5Hz, 3H) 

a-Methyl-4-morpholineacetonitrile can be prepared according to the procedure described 
by H.R.Henze et. ah J. Am. Chem. Soc 1 957, 79, 6230. 

10 Intermediate 122: (lig/Z>-2-cycIohe^l-A^-hydroxyethanimidamide 

H 2 N 

XjO 

Can be prepared from cyclohexylacetic acid (commercially available from e.g. Aldrich) 
according to the procedure described by T.R. Alessi et a /.in US 4895 860. 

1 5 Intermediate 123: 1,1-DimethylethyI 4-[(22)-2-(hydroxyamino)-2-iminoethyl]-l- 
piperidinecarboxylate 

* i > 




1 



H 



Prepared from 1,1-dimethylethyl 4-(cyanomethyl)-l-piperidinecarboxylate using a 
20 similar process to that described for any of Intermediates 9, 22 or 80 using similar or the 
same number of moles of reagents and/or volumes of solvents. 

1,1-dimethylethyl 4-(cyanomethyl)-l-piperidinecarboxylate can be prepared from 
commercially available 1,1-dimethylethyl 4-oxo-l-piperidinecarboxylate according to the 
25 procedure described by A.M. Wilson in WO 00/006159. 

Intermediate 124 : 1,1-Dimethylethyl 4-({5-[l-ethyl-4-(tetrahy^ 

ylanrino)-m-pyrazolo[3,4-£]pyri^^ 

piperidinecarboxylate 
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A mixture of Intermediate 16 (0.064g, 0.2mmol), Intermediate 80 (0.257g, lmmol), a 
solution of sodium ethoxide in EtOH (0.19ml, 21% solution) and powdered 4A molecular 
5 sieves (0.38g) in EtOH (2ml) were stirred at 82 °C under an atmosphere of nitrogen for 
18 hours. Additional sodium ethoxide in ethanol (0.19ml, 21% solution), molecular 
sieves (0.38g) and ethanol (4ml) were added and the reaction heated for a further 72 
hours. The reaction mixture was filtered, the solvent was evaporated in vacuo and the 
residue was applied to an SPE cartridge (silica, 2g). The cartridge was eluted with. 
10 cyclohexane: ethyl acetate (4:1, 2:1, 1:1), then ethyl acetate to afford Intermediate 124 as 
a colourless oil (0.052g). LCMS showed MH* = 512; Tret = 3.51min. 

Intermediate 125 : l-Ethyl-5-[3-(4-piperidmyta^ 
(tetrahydro-2i?-pyran-4-^ 




HCI 



A solution of hydrogen chloride in dioxane (1ml) was added to Intermediate 124 (0.052g„ 
0. lmmol) and the reaction mixture stirred at 20 °C for 2 hours. The solution was 
evaporated in vacuo to afford Intermediate 125 as a yellow solid (0.047g). LCMS showed 
20 MH* = 412; Tret = 2.21min. 



Intermediate 126 : iV-Hydroxy-l-(phenylsulfonyl)cyclopropanecarboximidamide 




Prepared from l-(phenylsulphonyl)cyclopropoanecarbonitrile (commercially available 
25 from Menai Organics Ltd, Menai Technology Centre, Deiniol Roas, Bangor, Gwynedd, 
Wales, LL57 UP, United Kingdom or described in Bull. Chem. Soc. Jpn. 1985 58(2), 
765) using a similar process to that described for any of Intermediates 9, 22 or 80 using 
similar or the same number of moles of reagents and/or volumes of solvents. LCMS 
showed M£t = 241 ; Tret = 1 .71min. 
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Intermediate 127: g#/Z)-iV-Hydroxy-2-phenylethaniimdaniide 

V 

H 2 N 

Commercially available from Maybridge Chemical Company Ltd, Trevillett, Tintagel, 
Cornwall, PL34 OHW, United Kingdom. 

Intermediate 128 : (J£/Z)-iV-Hydroxy-2-phenylpropanimidamide 

V 




Can be prepared from a-methylphenylacetonitirile according to the procedure described 
10 by J. Rheineimer EP 323864. 



Intermediate 129 : fi^^JV-Hydroxy-2-[4-(methyloxy)phenyl]etlianiiiiidamide 



H 2 N' 

Commercially available from Exploratory Library, Ambinter, 46 quai Louis Bleriot, 
15 Paris, F-75016, France. 



Intermediate 130 : q£/2>iV-Hydroxy-2-[3Kmethyloxy)phenyl]ethanimidamide 

Can be prepared from according to the procedure described by SJBorg et. Al European 
20 LMed Chem. 1993, 28(10,) 801. 

Intermediate 131 : (IJ?/Z)-2-[4-(Pimethylamino)phenyl]-A / -hydroxyethanimidamide 

Prepared from 4-(dimethylamino)benzeneacetonitrile (described by Borovicka et al. 
25 Collect. Czech. Chem. Commun 1955, 20, 437) using a similar process to that described 
for any of Intermediates 9, 22 or 80 using similar or the same number of moles of 
reagents and/or volumes of solvents. LCMS showed MET = 194; Tret = 0.38min. 

Intermediate 132 : ajg/Z)-2-[3-(Dimethylamino)phenyl]-iV-hydroxyethanimidamide 
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10 



15 



Prepared from 3-(dimethylamino)benzeneacetonitrile (described by M.L. Sznaidman et 
al. Bioorganic Medicinal Chemistry Letters 1996, 6(5), 565) using a similar process to 
that described for any of Intermediates 9, 22 or 80 using similar or the same number of 
moles of reagents and/or volumes of solvents. LCMS showed MET*" = 194; Tret ~ 
0.46min 

Intermediate 133: (j^/^-iV-Hydroxy-2-(phenyloxy)ethanimidamide 

i 

V 



Commercially available from Pfaltz & Bauer Inc. 



Intermediate 134: (l.B/^-A^hydroxy^-CS^J^-tetrahydro [1,2,4] triazolo [4,3- 
a]pyridin-3-yI)ethanimidamide 



Prepared from 5,6,7,8-tetrahydro- 1 ^,4-triazolo[4,3-a]pyridine--3-acetonitrile 

(commercially available from Ihterchim, 213 Avenue Kennedy, BP 1140, Montlucon, 
Cedex 03103, France or Exploratory Library, Ambinter, 46 quai Louis Bleriot, Paris, F- 
20 75016, France) using a similar process to that described for any of Intermediates 9, 22 or 
80 using similar or the same number of moles of reagents and/or volumes of solvents. 
LCMS showed Mtf = 198; Tret = 0.32min. 



Intermediate 135 : (lE^-AT-Hydroxy-2-^ 

Prepared from 4-phenyl-l-piperazineacetonitrile (commercially available from Interchim, 
213 Avenue Kennedy, BP 1140, Montlucon, Cedex 03103, France or Exploratory 
Library, Ambinter, 46 quai Louis Bleriot, Paris, F-75016, France) using a similar process 
to that described for any of Intermediates 9, 22 or 80 using similar or the same number of 
30 moles of reagents and/or volumes of solvents. LCMS showed MH 4 " = 235; Tret = 
1.09min. 
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Intermediate 136: l-Ethyl-4-(tetrahydro-2^ 
6]pyridine-5-carboxamide 




5 A solution of Intermediate 17 (3.263g, 11.25mmol) in thionyl chloride (17ml) was heated 
at 60 °C for 2 hours. The solution was concentrated in vacuo and then co-evaporated 
with dichloromethane. The residue was suspended in a solution of ammonia in dioxane 
(45ml, 0,5M solution) and the resultant mixture stirred for 18 hours. After concentration 
^ in vacuo the residue was re-suspended in ammonia in dioxane (45ml, 0.5M) and stirred 

) 10 for a further 16 hours. The solvent was removed in vacuo and the solid suspended in a 
mixture of dichloromethane (40ml) and water (40ml). The solid was filtered, washed 
with water and dried in vacuo over P2O5 to afford Intermediate 136 as a cream solid 
(2.50g). LCMS showed MH* = 290; Tret = 2. 12min 

15 Intermediate 137 : l-Ethyl-4-(tetrahydro-2^pyran^ylamino)«lJy-pyrazolo[3,4^ 
£]pyridine-5-carbonitrile 




Burgess Reagent 4.53g, 19.0mmol) was added to a suspension of Intermediate 136 (5.0g, 
17.3mmol) in THF (80ml). The reaction mixture was stirred at room temperature for 18 
20 hours then a further portion of Burgess Reagent (0.9g, L8mmol) was added and stirring 
continued for 5 hours. The reaction mixture was concentrated in vacuo and the residue 
partitioned between dichloromethane and water. The organic phase was washed with 
water, dried and evaporated in vacuo to afford Intermediate 137 as an off-white solid 
(4.43g). LCMS showed MKT 1 " = 272; Tret = 2.40min 



25 



Intermediate 138: l-Ethyl-A r -hydroxy-4-(tetrahydro-2^-pyran-4-ylamino)-ljH r - 
pyrazolo[3,4-6]pyridine-5-carboximidamide 




Intermediate 137 (3.50g, 12.9mmol), hydroxylamine hydrochloride (3.30g, 47.8mmoI) 
30 and sodium hydrogencarbonate (4.01 g, 47.8mmol) in EtOH (45ml) were heated at 45 °C 
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for L5 hours then at 50 °C for 2.5 hours. The suspension was concentrated in vacuo and 
the solid stirred in dichloromethane (80ml) for 0.5 hours. The mixture was filtered and 
the solid stirred in EtOH, the resultant mixture was filtered and the filtrate evaporated. 
The solid was then washed with dichloromethane three time to afford Intermediate 138 as 
a white solid (1.62g). LCMS showed MH* = 305; Tret = 1.85min 

Intermediate 139: l-Ethyl-7V-[4-(hydroxym 
(tetrahydro-2#-pyran^yte 



Intermediate 139 was prepared from Intermediate 17 and (^aminotetrahydro^if-pyran- 
4-yl)methanol (commercially available from PharmaCore Inc., 4170 Mendenhall Oaks , 
Pkwy, Suite 140, High point, NC, USA) using an analogous method to that for: 
Intermediate 42. LCMS showed Mtt = 404, Tret = 2. 1 9min. 

Intermediate 140: (R)-(+)-3-Amino tetrahydrofuran 4-toluenesulphonate 

Commercially available from Fluka Chemie AG, Germany (CAS 1 1 1769-27-8) 

NH 2 



Intermediate 141: (SM-)-3-Amino tetrahydrofuran 4-toluenesulphonate 

Commercially available from E. Merck, Germany; or from E. Merck (Merck Ltd), Hunter 
Boulevard, Magna Park, Lutterworth, Leicestershire LE17 4XN, United Kingdom (CAS 
104530-80-5) 



Intermediate 142: Tetrahydro-2H-thiopyran-4-amine 

Prepared from commercially available tetrahydrothiopyran-4-one as described by 
Subramanian et. al., J. Org. Chem., 1981, 46, 4376-4383. Subsequent preparation of the 
hydrochloride salt can be achieved by conventional means. 
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NH 2 OH ^-V, LiAIH 4 




Intermediate 143; Tetrahydro-3-thiopheneamine 

Prepared in an analogous manner to Intermediate 142 from commercially available 
5 tetrahydrothiophene-4-one. The oxime formation is described by Grigg et.al., 

Tetrahedron, 1991, 47, 4477-4494 and the oxime reduction by Unterhalt et. al., Arch. 

Pharm., 1990, 317-318. 

dp N — OH / NH 2 

NH 2 OH r-P LiAIH 4 ^ /— y 

~J 

1 o Intermediate 144: T etrahydro-3-thiopheneamine 1,1 -dioxide hydrochloride 

Commercially available from Sigma Aldrich Library of Rare Chemicals (SALOR) (CAS- 
6338-70-1). Preparation of the hydrochloride salt of the amine can be achieved by 
conventional means. 




15 

Intermediate 145: T etrahydro-2H-thiopyran-4-amine"l y l -dioxide hydrochloride 

Prepared in an analogous manner to Intermediate 1 1 from commercially available 
tetrahydrothiophene-4-one. Oxidation to l,l-dioxo-tetrahydro-lX, 6 -thiopyran-4-one is 
described by Rule et al., in J. Org Chem., 1995, 60, 1665-1673. Oxime formation is 
20 described by Truce et.al., in J. Org. Chem., 1957, 617, 620 and oxime reduction by 
Barkenbus et. al., J. Am. Chem. Soc, 1955, 77, 3866. Subsequent preparation of the 
hydrochloride salt of the amine can be achieved by conventional means. 






Intermediate 146 : 1,1-Dimethylethyl (4,4-difluorocycIohexyl)carbamate 
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(Diethylamino)sulphur trifluoride (DAST), (0.06ml, 0.47mmol), was added to a stirred 
solution of l,l-dimethylethyl(4-oxocyclohexyl)carbamate, (250mg, 1.17mmol, 
commercially available from AstaTech Inc., Philadelphia, USA) in anhydrous 
dichloromethane (5ml) and the mixture was stirred under nitrogen at 20°C. After 22h, 
the reaction mixture was cooled to 0°C, treated with saturated sodium hydrogen carbonate 
solution (4ml), and then allowed to warm to ambient temperature. The phases were 
separated by passage through a hydrophobic frit and the aqueous phase was further 
extracted with DCM (5ml). The combined organic phases were concentrated in vacuo to 
give an orange solid (369mg) which was further purified by chromatography using a SPE 
cartridge (silica, lOg), eluting with DCM to afford Intermediate 62 (140mg) containing 
20% of 1,1-dimethylethyl (4-fluoro-3-cyclohexen-l-yl)carbamate. X H NMR (400MHz 
in CDC1 3 , 27°C, oppm) 

Minor component: S5.ll (dm, 16Hz, 1H), 4.56 (br, 1H), 3.80 (br, 1H) 2.45-1.45 (m's, 
6H excess), 1.43 (s, 9H). Major component: 84.43 (br, 1H), 3.58 (br, 1H), 2.45-1.45 
(m's, 8H excess), 1 .45 (s, 9H). 



Intermediate 147 ; (4,4-Difluorocyclohexyl)amine hydrochloride 




NH 2 -HO 

20 A solution of hydrogen chloride in dioxane (4M, 1 .6ml) was added at 20°C to a stirred 
solution of Intermediate 146 (140mg, 0.6mmol), in dioxane (1 .6ml). After 3h, the 
reaction mixture was concentrated in vacuo to afford Intermediate 147 (96.5mg) 
containing 4-fluoro-3-cyclohexen-l-amine. ! HNMR (400MHz in d 6 -DMSO, 27°C, 
oppm) Minor component: 58.22 (br, 3H excess), 5.18 (dm, 16Hz, 1H), 3.28-3.13 (m, 1H 

25 excess), 2.41-1 .53 (m's, 6H excess). Major component: S8.22 (br, 3H excess), 3.28-3.13 
(m, 1H excess), 2.41-1.53 (m's, 8H excess). Impurities are also present. 

Intermediates 148 to 163: different types of R 3 R 3a NH 



Intermediate 
Number 


R3R3aNH 


Source of 
R 3 R 3a NH 


148 


OH 


Chem. Soc, 
Perkin Trans. 1, 
1994, 537 
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148A 


as Intermediate 
148, butracemic 
cis-isomer, i.e. 
racemic cis-(3- 
hydroxy-cyclohex- 
l-yl)-amine 


,/ Chem. Soc, 
Perkin Trans 1, 
1994, 537 


149 


H 2 N— ^ ^ — OH 


Aldrich; or TCI- 
America 


150 




US 4219660 


151 


JO 

H 2 N 


Aldrich 


152 


„x> 

H 2 N 


Aldrich 


153 




Aldrich 


154 




Pfaltz-Bauer 


155 


H 2N ^Q 


J. Org. Chem., 
1985, 50(11), 1859 


156 




WO 99/12933 


157 


o 


EP 1188744 


158 


H 

(3 -Amino azep any- 
one) 


Sigma-Aldrich 
Company Ltd 


159* 




J. Med. Chem., 
1994, 37(17), 2360 


160* 


H 2 N ""^ ^NH 2 


Aldrich 
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161 * 




Aldrich 


162* 


K til 

a; 


Aldrich 


163 * 


H 2 N 


Peakdale Molecular 
Ltd 









* For R 3 R 3a NH in Intermediates 159-163, R 3 R 3a NH is the cis or trans isomer, if 
shown. For Intermediates 161-163, R 3 R 3a NH is usually the 3-amino- or 2-amino- 
cyclohex- 1 -ylamine in a racemic form. 



P33153 PCT 



- 152- 



Table of Examples 



Example 
Number 


Name 


1 


N-(^clopen1yl-l-etitiyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo[3,4- 
blpyridin-4-atnine 


2 


N-Cyclopentyl-l-ethyl-5-{5-[(me1hylsulfonyl)methyl]-13 5 4-oxadiazol-2-yl}- 
lH-pyrazoloL3,4-Djpynum-H-amine 


3 


N-Cyclopentyl-l-ethyl-5-(5-^ 
blpyridin-4-amine 


4 


N-Cyclopentyl-l -ethyl-5-(5-methyl-l ,3,4-thiadiazol-2-yl)-lH-pyrazolo[3,4- 
b]pyridin-4-amine 


5 


N-Ctyclopentyl-l-ethyl-5-{5-^ 
lH-pyrazolo[i,4-Djpynain-4-amrne 


6 


N-CyclopOTtyl-l-ethyl-5-(5-isopropyl-l,3,4-1hiadiazol-2-yl)-lH-pyrazolo[3,4- 
blpyndin-4-arnine 


7 


l-Ethyl-N<4-fluoropheny^^ | 
pyrazolo [3 ,4-b]pyridm-4-amine 


8 


N-Ctyclopen1yl-5<l,3-dime1hyl^^ 
pyrazolo [3 .4-b]pvridin-4-amine 


9 


l-Ethyl-5<54sopropyl-l,3,4K>xadiazol-2^i>N-tetrahyd^ 
pyrazolo [3 ,4~blpyridin^-amine 


10 


N^yclohexyl-l-ethyl-5<5-isopropyM^ 
blpyridin-4-amine 


11 


l-Ethyl-N-isobutyl-5 r (5-isopr^^^ 
blpyridin-4-amine 


12 


l-Etfiyl-N-isobutyl-5<5-me^ 
blpyridin-4-amine 


13 


N-Cyclohexyl-1 -ethyl-5<5-methyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo[3,4- 
b]pyridin^-amine 


14 


l-Ethyl-5<5-methyl-l,3^K>xadi^ 

pyrazolo[3,4-b]pyridin^-amine 

also named: l-Ethyl-5-(5-methyl-l,3,4-oxadi^^ 

pyran-4-yl)-lii -pyrazolo I d ^ojpynam^-aniine 


ie 


N-IY 1RV1 2-dimethylpropyl]-l -ethyl-5-(5-methyl-l ,3,4-oxadiazol-2-yl)-lH- 
pyrazolor3,4-b]pyridin^-arnine 


16 


N-[(lS)-l,2-dimethylpropyl]-l-ethyl-5-(5-m^ 
pyrazolof3 .4-blpyridin^-amine 


17 


5-(5-Tert-butyl-l,3,4-oxadiazol-2^ 
pyrazolo[3,4-b]pyridin-4-arrrine 

also named: 5-[5-(l J-Dimethyle1hyl)-l,3,4^xadia2X)l-2-yl]-l^tiiyl-^ 
(tetrahydro-2ff-pyran^ 


18 


5-(5-Tert-butyl-l ,3,4-oxadiazol-2-yl)-N-cyclohexyl-l -ethyl-lH-pyrazolo[3,4- 
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19 


5-(5-Tert-butyl-l,3,4-oxadm^^ 

MTwrirHn-4-RnriTne 


20 


5<5-Tert-butyl-l,3,4^xadiazo^^ 


21 


5-(5-Tert-butyl-l,3,4-oxadiazol-2-yl)-N-[(lS)-l,2-dimeHiylpropyl]-l-efliyl- 


22 


5-(5-Tert-butyl-l^,4-oxadiazol-2-yl)-N-[(lR)-l,2-dime1hylpropyl]-l-ethyl- 

1 TT rrrx] s\ V*! A V%1-r->-irr-t/-1-l-tn_/1 _QmirtP 


23 


l-Ethyl-5-{5-[(me1hylsulfonyl)methyl]-13,4-oxa(iiazol-2-yl}-N-tetrahydro- 

1T_r .^i iroti -/l .vl 1 TT-Twra «7Ti1 n f3 4— hlnvri din -4— amine 


24 


N-Cyclohexyl-1 -ethyl-5- {5-[(methylsulfonyl)methyl]-l ,3,4-oxadiazol-2-yl} - 
iAl-pyiaZOiOLJ,H , -ujpyriu.ui^~<u.iiiiic _ 


25 


l-Ethyl-N4sobutyl-5-{5-^ 


26 


N-[(l S)-l ,2-dimethylpropyl]-l -ethyl-5- {5-[(methylsulfonyl)methyl]-l ,3,4- 

/wo/1i'<i>7a1 O xrl \ 1 TT _-r\Arr*a ^r^lof^ zl— WlTYvridin-4— amine 
OXaCLiaZOi-,Z-yi / ~ 1 Xl-pyroXOlUL-' ^Mr*./ 1 t anLLixK^ 


27 


N-[(lR)-l^-dimethylpropyl]-l-etiiyl-5-{5-[(me1hylsiilfonyl)methyl]-l,3,4- 

/wq^io^aI ^-i/l \ lTT_TYvr»9 r ri1nr'3 4— Hlnvridin-4-amine 


28 


l-Ethyl-5<3-methyl-l,2,4-oxadia^ 
pyr azoiO|_ j u jpyriiALii-H-~«tiiiJLiiG 


29 


l-Ethyl-5-[3-(methoxymethyl)-l,2Aoxadiazol-5-yl]-N-tetrahydro-2H-pyran- 
4-y l- 1 Jtl-pyrazoio yp /*-Djpyriaiii-H--aiiiiiic 


30 


5-{3-[(Dimethylamino)methyl]-l ,2,4-oxadiazol-5-yl} -1 -ethyl-N-tetrahydro- 
oTj rrtyroTi 4 .vl-ITT-Twray.nlnP'i 4—h 1 n vri di n -4-amine 


31 


l-Ethyl-5-[3-(morpholm^ 

nvrari /i -«rt_i T-T-r»vra 70] a f3 4-blnvridin^-ainine 


32 


5-(5-Cyclopropyl-i;3,4-oxadia^^ 
lH-pyrazolo[3,4-b]pyridin^amine 


33 


N<l-Acetylpiperidin^-yl)-^ 

■w* rwrkr-rfiA r\.VX /I Wlrvirri /1rn_4— aTYiinR 

pyrazo i o ^ o D^pyriuiii-H^aiiiiiic 


34 


1 -Ethyl-5-[5-(3-methyloxetan^^ 

r--o-»-» /I xrl ITT Tv*7i-ci'7rk1r\r'^ A_V*lTYVTndin— 4— aTYiirif*' 
pyran-*f-yi- i i^-pynxzoii/L **»*^'-' J *• lv *- LLl 1 


35 


l-Ethyl-5-{5-[(4-methylpipCT 

+4a-K*o Vix r/4r-i-\ OTT_Twrsm -/t-vl - 1 TT-nvrazolo r3 4-blnvridin-4-amine 
Lexra±iycixo~^xi pyi<ui" , *T — jf i i xx )jy *■ a/<viv/LJj-T-vj^yi > aumiw 

also named: l-Ethyl-5-{5-[(4-methyl-l^ 
yl} -AKte1rahydro-2/y-^^ 


36 


5-[l-Ethyl^(tetrahydro-2H^ 

yl] -N-isopropyl- 1 ,3 ,4-oxadiazole-2-carboxamide 


37 


4- { 5 -[ 1 -Ethy M^tetrahy dro-2H-pyran^-ylamino)- 1 H-pyrazolo [3 ,4-b]pyridin- 

5- ylVl,3,4-oxadiazol-2-yl}-l-methylpyrrolidin-2-one 


38 


l-Ethyl-N-tetrahydro-2H-pyr^ 
oxadiazol-2-yl)-lH-pyrazolor3,4-b]pyridin^-amine 
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also named: l-Ethyl-N-(teti^ydro-2H-pyran-4-yl)-5-[5<tetrahydro-2H-pyran- 
a V 1V1 1 /t^fldia7ml-2-vl1-lH-ovrazolor3.4-blpyridin-4-ainine 


39 


l-Ethyl-5-[5-(morpholin-4-ylmethyl)-l,3,4-oxadiazol-2-yl]-N-tetrahydro-2H- 
r»vrnTi^l-v1-lH-ovrazolor3 4-blDvridin-4-amine 

also named: l-Ethyl-S-CS-Cmorpholin^ylmethyl^l^^oxadiazol^-yll-N- 
/'tf'fTTihvdr^W-PYran^YlVlH-pyrazolorS^blpyridm^-amine 


40 


5-[5<Tert-butoxymethyl)-13,4H)xadiazol-2-yl]-l-emyl-N-tetrahydro-2H- 
nwQTi-d-vl -1 TT-nvrazolor3 .4-bl Dvridin-4-amine 


40A 


Methyl 2-[l-ethyl-4-(tetrahydro-2i7-pyran-4-ylainino)-liy-pyrazolo[3,4- 
AinvriHiTi-S-vn-4.5-dihvdro-L3-oxazole-4-carboxylate 


41 


Methyl 2-[l-ethyl-4-(tetrahydro-2J?-pyran-4-ylainino)-l J H- 
«wa7r»lr»n 4-Wnvridin-5-vll-13-oxazole-4-carboxyiate 


42 


l-Ethyl-5-(4-methyl-4,5-dihydro-l,3-oxazol-2-yl)-iV^(tetrahydro-2H- 
nwan-4~v1V1 W-trvrazoloD .4-61pvridin-4-amiiie 


43 


l<n~Propyl)-5K5Hnaethy^^ 

n\rr<m-d-\/X\- 1 TT-n vrazolo \ 3 ,4-bln vridin-4-amine 


44 


l-Ethyl-5-[5-(tetrahydrofuran-2-yl)-l,3,4-oxadiazol-2-yl]-N- 
/t»t^^^ r Ht-r»-OW_T%wan-4-vn-1H-t>vrazolor3.4-blpvridin-4-amine 


45 


l-Ethyl-5-[5-(dimethylamino)- 1 ,3,4H3xadiazol-2-yl]-N-(tetrahydro-2H- 
r>vr5jn-4-vn- 1 H-t>vrazok>r3 ,4-blpvridin-4-arnine 


46 


l-Ethyl-5-(5-methyl-l ,2,4-triazol-3-yl)-N-(tetrahydro-2H-pyraii-4-yl)- j 
1 TT-nwa 7 rA o n 4~blnvridin-4-ainine 


47 


N^l-Acetylpiperi(ttn-^ 
1TT..n^nn7'o1nr^ 4-blr> vri d in in e 


48 


N<l-Acetylpiperidin-4-yl)-l-ethyl-5-[3Kmorpholin-4-ylmethyl)-l,2,4- 
^0^1 a^rtl-^-vll-l H-nvrazolor3 .4-blpvridin-4-amine 


49 


l-Ethyl-5-[(4R)-4-phenylA5-dihydro-l,3-oxazol-2-yl]-N-(tetrahydro- 
OTT_«wan-4-vn-lH-nvrazolor3.4-blpvridin-4-amtne 


50 


l-Ethyl-5-[(4S)-4-phenyl-4,5-dihydro-l,3-oxazol-2-yl]-N-(tetrahydro- 
ow_«wfln-4-vn-lH-t>vrazolor3.4-blpvridin-4-ainine 


51 


l-Ethyl-5-[(4S)-4-(phenylmethyl)-4 J 5-dihydro-l,3-oxazol-2-yl]-N- 
/-tPtt^hvdrn-2H-nwan-4-vlVlH-Pwazolor3,4-blpyridin-4-amine 


52 


l-Ethyl-5-[(4R)^(pheaylme1ixylH» 5 ^y^ 1 » 3 ^ x ^ ol " 2 "y^" N " 
^^Kvdm-^H-nvrm^vlVlH-PYi^olor3,4-blpyridin^amine 


53 


l-Ethyl-5-[(4S,5R)-5-methyl-4-phenyl^5-dihydro-l,3-oxazol-2-yl]-N- 
rtptrabvdro-?H-PYran-4-Yl)-lH-pYrazolor3,4-blpyridin-4-amiiie 


54 


l-Ethyl-5-[(5R>5-phenyl-4,5-<imydro-l,3-oxazol-2-yl]-N-(tetrahydro- 
2H-pyran-4-vlVlH-pyrazolor3,4-blpvri<iin-4-amine 


55 


l-Ethyl-5-[(5S)-5-phenyl-4,5-dihydro-l,3-oxazol-2-yl]-N-(tetrahydro- 
2H-pyran-4-ylVlH-pyrazolor3,4-b]pvri(iin-4-aniine 


56 


5-(4,4-Dimethyl-4,5-dihydro-l,3-oxazol-2-yl)-l-ethyl-N-(tetrahydro- 
2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pvridin-4-amine 


57 


2-ri-Ethyl-4-(tetrahydro-2H-pyran-4-vlamino)-lH-pyrazolor3,4- 



- 155- 





D IT) ylxCLlXX y^J *t "Udl LHJA.jrJ.JiV/ av/iu 


58 


2-[l -Ethyl-4-(tetrahy^ [3 ,4- 
Klwrt-t/lin ^ \/1 1 -"NT- ( 1 -m *=>fh \/l pfVi v 1 *i - 1 ^-n^va7o1a-4— carHoxamide 

D IPyOQlIl ^ yij J-^ V- 1 - -^AlC LLiyiC til yiy 1 ? J *JA.cizjVJJ.V/ *t v^cu.i/v.a.<*j..i.jli.\j.v' 


59 


l-Ethyl-5-[4-(4-morpholinylcarbonyl)-l,3-oxazol-2-yl]-N-(tetrahydro- 
ZJnHpyraii-*T-y l J -xxtx -pyx<xz»uxu|_j,^ - ujpyxxuxxx *r oijujlli^ 


60 


l-Elhyl-N-methyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro-2H- 

pyran- z r**yx }- xx^-pyxciz.uio ,^-0 jpyi xu-xxi-^-cuiajuio 


61 


^ans-4-{[l-Ethyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo[3,4- 
b jpynuiii-4-yij aimno / cycioncxanoi 


62 


l-Etiiyl-5-(5-me1jiyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro-2H-pyran-3- 
yJJ- 1 rl-pyrazoio [ o d jpyncim-^-aixTxxxe 


63 


4-{[l-Ethyl-5-(5-methyM^ 
□Jpynain-^-yij ajuxiixo / cycionexdixoiio 


64 


l-Elhyl-5-(5-me&yl-13,4-oxa<Hazol-2-yl)-N-n-propyl-N-(tetrahydro- 
Zrl-pyran-H— yi j- ixi-pyrazoio [^,M--DjpyriujjLi^-aixiiiic 


65 


5-[5-(14-Dimethylethyl)-l,3,4-oxadiazol-2-yl]-l-ethyl-6-methyl-N- 
(tetomyoro -Zri-p yran~^+-y l )~ i xi-pyrazoio [ d ,^-Djpyrium-H'-axjxuio 


66 


l-Ethyl-6-melxxyl^^^ 

_ .^.^^ /i 1 1 /l ovortioTAl O x/H 1 XX rvtrrorrrk ir*!"^ AJhlrvi/rtf'liTl-4.— JITtlinft 

pyran-4~yl}-l,J,4-oxacuazox-^ ** <xixxxxxc 


67 


5-(5-Cyclobutyl-13 r 4-oxato 
4-yl)-lH-pyrazoloL3,4-Djpynam-H-aniine 


68 


5-{5-[l-Ethyl-4-(te1xahydro-2H-pyi^^ 

D JpyncLxxi-!>-yil- 1 , J,^oxaaiazoi-z-yL / -z.-pyironuxnuxxc 


69 


N-({5-[l-EthyM-(tefr^ 

b Ipynuiii- D-yiJ- 1 , 3 9 4~oxaQiazox-z-yx/niemyxjdXv^ 


70 


l-Ethyl-5-[5-(l-methyl-2-piperidinyl)-l,3,4-oxadiazol-2-yl]-N- 
< tcTTanyuro~Zxi-pyraii-^T-yi j-xx^-pyxa^uxL>i^y^-ujpyiiiJ~Lii *r ammu 


71 


1- Ethyl-5-{5-[(4-methyl-l,2,5-oxadiazol-3-yl)methyl]-l,3,4-oxadiazol- 

2- yl}-N-(teti^ydro-2H-pyran-4^ 


72 


o rc n T7-t-Vtir1 A f+i=L+~vci \y i rt\ t-r\ OTX-r*^rrvm-A—\AaTr\\T\ri\— 1 r^-TVVTJlT'fllor^ 4— 
3 - O - [ 1 -X^l^yi-4-^IClTaXi.yCu^ xm n I ixu ) x jtx pyx ozjvj xkj^~>,-t 

blpyridin-5-ylH ,3,4-oxadiazol-2-yl} cyclopentanone 


73 


1 ~ i^tiiyl-D ~L-> -^tetraJiyQro- o -luranyi x ? 3 Ad-cuctZiUi ^. yij i> 
(tei^y(ko-2H-pyran-4-yl)-lH-py^ 


74 


f 4-o 1 - Ji txiyx-^T"* iTaiiy uxo -z.xi.-p y xdii-*r-y x aiiiniuj xxx 

pyrazolo[3,4-b]pyridin-5-yl]-l,3^oxadiazol-^^^ 

one 




5-r5-(2,2-Dimethylcycto^ 

(tetrahydro-2H-pvran-4-yl)-lH-pyrazolo[3,4-blpyridin-4-amm^ 


76 


N-( {5-[l -Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)- lH-pyrazolo[3 ,4- 
blpyridin-5-vll-13,4-oxadiazol-2-yl>methyl)-N-methylacetamide 


77 


l-Ethyl-N-(tetrahydro-2H-pyran-4-yl)-5-[5-(tetrahydro-2H-pyran-4- 
ylmethyl)-13,4-oxadiazol-2-yl]-lH-p\Tazolor3,4-blpyridin-4-amine 


78 


l-Elhyl-5-r5-a-methylcyclobutyl)-l,3,4-oxadiazol-2-yl]-N-(tetrahydro- 
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9TT-nvran-4-vlVlH-0vrazolor3 4-blDvridin-4-amine 


79 


l-Ethyl-5-[5-(3-methyl-5-isoxazolyl)-l,3,4-oxadiazol-2-yl]-N- 
fte.tr ah vHro -2H-d vr an- 4- vl V lH-ovrazolor3 ,4-blovridin-4-aniine 


80 


l-Ethyl-5-[5-(l-methyl-lH-pyrazol-5-yl)-l,3,4-oxadiazol-2-yl]-N- 
rt^rrflhvfJro-'2H-r)vran-4-vlVlH-r>'vrazolor3 4-blDvridin-4-aniine 


81 


5-[5-(l-Acetyl-4-piperidinyl)-l,3,4-oxadiazol-2-yl]-l-ethyl-N- 
/"tftrah vHrr>-2 H-nvraii-4-vlV lH-ovrazolor3 4-blt>Yridin-4-amine 


82 


l-Ethyl-5- {3-[(4-methyl-l -piperazinyl)metbyl]-l ,2,4-oxadiazol-5-yl} - 
1\T-/"tf»tT5iTivHrr>-?H-rivrari-4-vn-lH-Dvrazolor3 4-blovridin-4- amine 


83 


l-Ethyl-5-[3-(4-fluorophenyl)-l,2,4-oxadiazol-5-yl]-N-(tetrahydro-2H- 
m »-on A-vl^-l T-T-nvraTTilor^ 4-h~ln vri Hin-4~amine 

PyA dll ^ V 1 J 1 XJ. JJ j 1 <lt<UlV/|_ J jT l/J jrXX\XXXX ~ CUlUiiv 


84 


1 -Ethyl-5- {3-[2-oxo-2<l -pyrroUdinyl)ethyy 

/'t^froVi\/rlrn-9TT-nvran -4-vl VI TT-n vrazolo T3 4-blt3vridin-4-amilie 

\ l-CJU <U l_yt-U-*-' Z»XX \J y kCLXX, ~ y xj XXX IJ yxmj\JX\J\_-Sj* *~f j^fjrxxia-xxx » tuiimw 


85 


2-{5-[l-Ethyl^(tet^ 

p jpyi mmr J" yi j a ^y't uaau i<iz»ux — ' j*-§ vj xx\uxxy iauvi»i,Aii,u.v 


86 


2- {5-[l-Ethyl-4-(telxah^^ 

M*wri H in - ^ -vl 1-1 9 A_ay a Hi a 7tYI -3 -vl \ 1 -nil envletii vnacetaixiide 


87 


1 -Ethyl-5- {3-[2-oxo-2-(l -piperidinyl)ethyl]-l,2 9 4-oxadiazol-5-yl} -iV- 

Z'+pfrorn rrl rn 9 W-Ti A/TSiri - 4-v1 ^ - 1 TT-TI VTPI 7Yi 1 0 F3 4- frltl VT1 Hi Tl -4— amine 
1 ^eTXaQyUi U~-^/x p^iclll ^ jrl ^ x.xx |J_yi ci^vjavj[_ j L-Jjrxxvxxxi t cuiiuiu 


88 


2-{5-[l-Etiiyl-4-(tetrahy^^ 

Alr\xrr-ir1in ^ 1/11-1 9 zL.r*Y aHiaTTil-^ - vl \ - l\f-( nh en vl m et n vl ^ ac et am i de ■ 


89 


2- {5-[ 1 -Ethyl-4-(tetrahy<to li7-pyrazolo[3 ,4- 
Ai-rvtn-irKn ^ wll-1 9 zL-nv a Hi a to! -vl 1 - A/ A/-dimethvlacetamide 


90 


A^-Elhyl-2- {5-[l -ethyl-4-(tetxahydro-2^ 1 if- 
^rror^^i^ro A_Ai-nvriHin-5-vll-1 2 4-oxadiazol-3-vl^ acetamide 


92 


l-Etxiyl-5-{3-[l-(4-^ 

rt^trnli vHm-9 f7-nvran-4-vl V 1 //-r) vrazolor3 4-felovii<iin^-aniiiie 

^ Ivli dliy Ixx Vj ^LJ. \J yx oxx * y xj xxx is j x « i r jviv j ■ Jr J ' 


93 


5-[3-(Cyclohexylme^ 

9 AT rfcvriin-4-v1 , i-1 /7-rivrazo 1 o T 3 4-/>ln vri din^-amine 


95 


1 -Ethyl-5- {3-[2-oxo-2-(l-piperi<ixnyl)etxiyl]-l ,2,4-oxadiazol-5-yl} -A^ 
(tetxahydro-2i¥-^ 


9o 


1 ^rti vl - ^- / ^~r9 -(A-m eth vl- 1 -ninerazin vl V2-oxoethvll -1 ^2 4-oxadiazol- 

^— ClxAyA mj \ J 1 Z» I " IxAwixxyx x jl/x^/ wx fioi i ty xj x~ uauvlujaj x^**j~t u/i.uw»*tiw* 

5-yl> -AT-(tetx^y<lro-2i¥-pyran^ 


t\n 

yl 


1 FthvU A/^rte irah vdro-2x^Dvran-4-vl i-5~r5-r 1 2 3-triazol-l- 

JL.— JQUAVA iV I LClxoxlj/UxV *»ii t<f jrx cut. * y xj *j [_~^ \ -* uiw^vi 

ylmelliyl)-l 3 Aoxadiazol-2-yl]-lxY«pyr^ 


98 


*r /c r/o /i nfmHTiv1-1 3 -thi azol-5 -vl^m eth vl 1-1 3 4-oxadiazol-2-vl \~\- 

j) — < j — 1 j^t— X-/AAAAC IA A jy A~ 1 9 J ill icir iwx jv iyixxt»txxjr xj 1)Jj~ua«uio*»vi J x ) *• 

ethyl-iV-(tetTahydro-2iY-pyran-4~yl^ 
formate 


99 


1 -Ethyl-5 -[5 -(2-ftiranylmethyl)- 1 ,3,4-oxadiazol-2-yl]-A^ 
pyran-4-yl)-lJT-pyrazolo[3 5 4-6]pyriaUn-4-am^ formate 


100 


l-E&yl-5-[5-(3-isoxazolylmetoyl)-13,4-oxa(UazOx^^ 
2xY-pyran-4-yl)-li¥-pyrazolo[3 ? 4-51pyridi^ fonnate 


103 


l-etiiyl-5-f5-fr4-(methyloxy)phenyllmethyl}-13^ 
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(tetrahydro-2H-pyran-4-yl)-lH-pyrazolo[3A^]pyri<Wn-4-amine 
tri ■flu rvro acetate 


104 


l-Ethyl-iV^t^^ 

1 3 4-oxadiazol-2-yl]-liY-pyr^ formate 


105 


i T7thv1-S-r5-r5-isolWa2;olvlmethvlVl 3*4~oxadiazol-2-yll-iV- 
aetrahydro-2H-pyran-4-yl)-lif-pyrazolor3,4-6]pyridin^-amine 


106 


l-Ethyl-5-{5-[(3-methyl-5-isoxazolyl)methyl]-l,3,4-oxadiazol-2-yl>-A^- 
/WraWrtrr*-? /7-nwan-4-v1Vl7^nvrazolor3.4-6lt)vrid.in-4-ainine formate 


107 


5.(5. {[4-(Dimethylainino)phenyl]mefliyl} -l,3,4-oxadiazol-2-yl)-l - 
ethyl^(tetrahydro-2i7-pyran-4-yl)-lJf-pyrazolo[^ 

LLii 


108 


l-Ethyl-5-{5-[(2-methyl-l^ 

\t / r +o.+T-oVi\/Hrrk-.9 W-r>vran-4-vl^-1 7-7-r> vrazolo T3 4-&lDvri(iin-4-amine 
formate 


109 


0 n //^ n ^tVi\/l-A-/'tptrnhvdro-'7 77^nvran-4-vlaniiiioVli : /-Dvrazolor3 ,4- 

| \_ — 1 < J~l X CUiYl^^ *l IVll till yUlU X CViX — r jr » ' * » J ST J L ' 

fe]pyridin-5-yl]-l,3,4-oxadiazol-2-yl}methyl)cyclopentyl]-JV'- 

rr, A-f-t-k 1/1 apphmi H tri flu orn acetate 

IIlClJflyio.WCtqiXLiU-w IX 1X1 UAJUJCIV/^ taiv 


111 


j\f-({5-[l-Emyl-4-(te1rahydro-2^ 

61pvridm-5-yll-13Aoxadiazol-2-yl>methyl)cyclopropanecarboxarnide 


112 


1 T74.-u-i,i ^ s^. rf\ rnptVivl-^-isnvarnlvlYmethvll-l 3 4-oxadiazol-2-YlY-iV- 
ftetrahydro-2i/-pyr^^ 


113 


l-Emyl-5-{5-[(5-methyl-3-isoxazolyl)methyl]-l,3,4-oxadiazol-2-yl}-A^- 
/ + _ < -^„i,-irrir-/-> if; f/-nvra7:olor3 4-Z>lovridm-4-ainiiie 


114 


l-Ethyl-5-{5-[2-(4-methyl-l,3-thiazol-5-yl)ethyl]-l ,3,4-oxadiazol-2- 
vt\ at f>ptrahvdro-2/f-nwan-4-vlVlif-owazo^ 

yX > — _/ V — 1 LO LL dllY Ul W jC+A x Jr A ClAJ. » J / XT J L ? ^JlrJ 

formate 


117 


5-{5-[(3,5-Dimethy^ 
trifluoroacetate 


118 


at /'i /S-n -Fthvl-4-(tefrahv<jiT>-2^ 
felpyridin-5-yll-l,3,4-oxadiazol-2-yl>ethyl)acetamide 


119 


c /c r/'l-{ir^tv1-4-Timeridinvl^methvll-13.4-oxadiazol-2-yl}-l-ethyl-iV'- 

j — < J — 1 1 X — dOwlY l^T LJ1 LJ wX XVXXJ.XJT l^iiiwuxjAj *)' / ^ ' ■ 1 ■ J J J 

(tetrahydro-2H-pyran-4-yl)-l^ 

+t*J fl n rvrn s» r* pt n t ft 

U HI uux vJqivE/ to. tv* . — .. 


120 


l-Emyl-5-{5-[(4-methylphenyl)methyl]-l,3,4-oxadiazol-2-yl}-isr- 
/t^flhvHrn-?H-nvran-4-vlVl/f-pyrazolor3,4-&lpyridm-4-arriine 


I2l 


l-Emyl-5-[5-(4-methylphenyl)-l^,4-oxadiazol-2-yl]-iV-(tetrahydK)-2i^ 
pyran-4-yl)-li7-pyrazolor3,4-&]pyridm-4-amiiie 


122 


5_[5_(3 9 4-Dimemylphenyl)-l,3,4-oxadiazol-2-yl]-l-ethyl-i\r-(tetrahy^ 
2Jy-pyran-4-vl)-li/-pyrazolor3,4-61pyridm-4-arriine 


123 


5_[5.(2,4-Dimethylphenyl)-l,3Aoxadiazol-2-yl]-l-ethyl-J\r-(tetrahydro- 
2J^pyran-4-yl)-lif-pvrazolo[3,4-fe]pyridm-4-amine 


125 


5_(5.f(4-Bromophenyl)methyl]-l,3,4-oxadia2ol-2-yl>-l-ethyl-iV'- 
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(tetrahydro-2H-pyran-4-yl)-l#-p 


126 


2-[ 1 -Ethyl-4-(tetrahy(ko-2H-pyran-4-ylamino)- li/-pyrazolo [3 ,4- 
q |pyiiojii-D-yij-iY~^pn6iiyiin " uoj.u»ja.<xi.aaiaj.w 


127 


2-[l-Ethyl-4-(tetrahy<ko-^^ 

b]pyridin-5-yl]-N-{[4-^ 

carboxamide 


128 


2-[l-Ethyl-4-(tetrahyfr^ 

b]pyridin-5-yl]-N-[(2-me^ 

carboxamide 


129 


2-[l-Ethyl-4-(tetrah^ 

b Jpyndm-5-yl J-JN - [\4-memyipiienyi jmemyi j - 1 ,3-oxazoie-H— 
carboxamide 


130 


«Z-l I -liuiyi-^-^LGircUiyciro ^ 1 xx-py i <u»uiu i_ j ,*t 

b]pyridin-5-yl]-N-[(3-m^^^ 

carboxamide 


131 


N4(4-CMorophenyl)me^ 

y ifmnTio l- 1 jti-pyrazoiOL3 ,h- d jp ynciiii- j — y i j - 1 ,j-uacuiuic *+ v/<xx uuaouuu^ 


132 


N-[(2,3-Dimethylphenyl)mefhyl]-2-[ 1 -ethyl-4-(tetrahydro-2H-pyran-4- 

yl^TTllTlO 1-1 Jrl-pyraZOIOL3,H-DJpyriUin ** wcuuuACUUiu& 


133 


N-[(3,5-Dimethylphenyl)methyl]-2-[l^^ 

ylamino)-lH-pyrazolor3,4-b]pyridin-5-yl]-13<>xazole-4-carboxainide 


134 


N- l(3 ,4-Dimetnylp neny I jmemyi J -z - [ l -euiyi-^-^ie iranyaro-xrL-py ran h- 
ylaniino)-lH-pyra^ 


135 


\L-y 1 - JbuiyI-4-(tetr anyaro -zn-pyran-H-yi amino 1 xx-pyr<iz;uio \ps* 
blpyridin-5-yll-N-(l -phenylethyl)-l ,3-oxazole-4-carboxamide 


136 


Z-|_ 1 -iitJiyl-4-^tetranyuro-zxa-pyran-H j- x n-py i ozajiu i_ j , *t 
b]pyridin-5-yl]-N-{(lR)-l-[4-(methyloxy)phenyl]ethyl}-l,3-oxazole-4- 

caxboxamide 


137 


2-I1 -JbLuiyl-4~(tetraJtiyOT 7 1 J^L-py r<L£uiu |_ 0 >*t 

blpyridin-5-yll-N-[(lR)-l -phenylpropyll-1 ,3-oxazole-4-carboxamide 


138 


2-[ 1 -Ethyl-4- (tetrahydro-2H-pyran-4-ylamino)- 1 H-pyrazolo [3,4- 
ui*NTrtn'rii« <r xAl XT (A rr\ f^tViA/lrVh i=»n\/1 \-A '^-nv?i'7olp-4-carh ox amide 


139 


2-[ 1 -Ethyl-4-(tetrahydro^ 

D Jpynoin- j-yiJ-lN ~*v. ^^l^meixiyi&uiAuiJ.y i^dxxiJLUujpiiciiyx j-incLuyi^ l 9 ~j 
oxazole-4-carboxamide 


140 


2-[l-Ethyl-4-(tetrahy(ko-2H-pyran-4-ylai^ 

bio vridin-5- vll -N- i r4-(methylsulfonyl)phenyl]methyl} - 1 ? 3-oxazole-4- 
carboxamide 


141 


N-(l-Acetyl-4-piperidinyl)-2~[l-ethyl-4-(teti^y^ 
ylaiiiino)-lH-pyrazolor3,4-b]pyridin-5-yll^ 


142 


2-[l-Etbyl-4-(tetralaydro-2H-pyran^-ylaiiim 
b]pyridin-5-yl]-N-(tetrahydro~2H-pyran^ 

carboxamide 
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143 


2-[l-Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4- 
b]pyridin-5-yl]-N-(tetrahydro-2-furanylmethyl)-l,3-oxazole-4- 


144 


2-[l-Ethyl-4-(tetrahydro-2H-pyran-4-ylainino)-lH-pyrazolo[3,4- 
Ki«vriHir<-S-vll-N-r2-f4-methvl-l-r>it)erazinvl)ethyll-l,3-oxazole-4- 

carboxamide 


145 


N-[HAniinomethyl)cycto^^ 

uiornin^ ITT-nvrn^nlon 4-h1nvridin-5-vl1 -N-methvl- 1 ,3-oxazole-4- 
carboxamide 


146 


N-(2,6-Dimethylphenyl)-2-[l -ethyl-4-(tetrahydro-2H-pyran-4-ylamino)- 
i tt ^Tf**7r\\c\X'\ A-Klnvrirli rt-S-vll-l 3-oxazole-4~carboxamide 


147 


N-{[4-(Aminocarbonyl)phenyl]methyl}-2-[l-ethyl-4-(tetrahydro-2H- 
pyran-4-ylamino)-lH-pyrazolo[3,4-b]pyridin-5-yL]-l,3-oxazole-4- 

carpoxamiae 


148 


2-{5-[l-Ethyl-4-(tetrahy(ko-2H-pyran-4-ylamm 

♦ j- < ,,n i o A_rrvQrH a'znl-'^-vl ^ -A/^ftetraHvriro-2/^-t3wail-4- 
p jpyn ciin- j— yi j— 1 jZ. J H*-oxaui<tZi\ji'* > j yij J ▼ ^lclj.<u.ij^wj.^ i-'j rAtVAj - ^ 

yl)acetamide 


149 


5- {3-[2<2,6-Dimetliyl-4-morpholinyl)-2-oxoethyl]-- 1 ,2,4-oxadiazol~5- 
-i *r /'t^frQ'hv/i ro^W'-n 7^-nwazolor3.4-fcli3Yridiii--4- 

amine 


150 


1 -Ethyl-5- {3-[2-(4-methyl-l-piperidinyl)-2-oxoethyl]-l ,2,4-oxadiazol- 
^ ,ri\ at* /'f^trci'h\/HTTi-9 W r -r»vran-4-vl^-l W^twrazolor3 4-Z>lDvri<Un-4-amine 


152 


2-{5-[l-EthyM-(tetrahydro-2i^-pyran-4~ylamin^^ 

AlmrrJ/li'n ^ xrll 1 9 A-fW J*fli VTll -Vl 1 -Af-H -TTieth Vl"2- 

(y jpyn QJ n -y i j — l ^a, j^t-UAou ycllajx *j yxj -* ▼ l iuvwaji 

(methyloxy)ethyllacetamide 


153 


fi-fi S-Dimpthvl- 1 -nmeridinvlV2-oxoethvll-l ,2,4-oxadiazol-5- 
yl}-l-ethyl-JV^(tetrahydro-2^-pyran-4-yl)-l/?-pyrazolo[3,4-6]p 
amine 


154 


l-Ethyl-5-{3-[2-(3-methyl-l-piperidinyl)-2-oxoethyl]-l,2,4-oxadiazol- 
^_^ r n_Af.rtptrahvdrn-?JT-nvran-4-vlVli7-Dwazolor3,4-61pYridiri-4-amine 


155 


2-{5-[l-Ethyl^(tetr^ 

^W/ririin-S-vll-1 ? 4-ox adiazol-3 -vl \ -N-3 -p vridinylacetamide 


157 


6-{5-[l-Etbyl-4-(tetrahydro-2if-^^ 
Wnvridin-S-vll-t 3 4-oxadiazol-2-vli~2-piperidinoiie 


158 


l-Ethyl-5- {5-[(3-methyl-Lff-l^,4-triazol-5-yl)methyl]-l ,3,4-oxadiazol- 
9 \ _ A/-rtptrnli vrlm-2 77-nvran-4-vlV 1 i^-D vrazolo r3 ,4-6]pyridin-4-amine 


159 


jV-({5-[l-Etiiyl-4-(tetrahycko-^ 
&lpyridin-5-vll-l,2,4-oxadiazol-3-Yl>methyl)acetainide 


160 


JV^({5-[l-Ethyl-4-(tetrahydro-^ 
6]pyridin-5-yll-l,2,4-oxadiazol-3-vl>methyl)benzamide 


161 


jV^({5-[l-Ethyl-4-(tetrahydro-2^-pyran-4-ylamino)-lH-pyrazolo[3,4- 
^pvridin-5-vll-l,2,4-oxadiazol-3-yl>methyl)-2-phenylacetamide 


162 


AT-({5-[l-Ethvl-4-(te1rahydro-^^ 
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6]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)-2-methylpropanaiiiide 


163 


N-( {5-[ l-Ethyl-4-(tetrahydro-2/J-pyraii-4-ylamino)-liif-pyrazolo[3,4- 
&]pyridin-5-yll-l,2,4-oxadiazol-3-yl}mettiyl)-3-methylbutanamide 


164 


W-({5-[l-Ethyl-4-(tetrahydro-2^ 

&]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)cyclohexanecarboxamide 


165 


iV-({5-[l-Ethyl-4-(tetrahydro-2iy-pyran-4-ylamino)-17y-pyrazolo[3,4^ 
&]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)-2-furancarboxamide 


166 


iV"-({5-[l-Ethyl-4-(tetrahydro-2iy-pyran-4-ylamino)-liy-pyraz^ 
6]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)methanesulfonamide 


167 


i\T-({5-[l-Ethyl-4-(tetrahydro-2iy-pyran-4-ylamino)-liy-pyr 
£>]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)benzenesiilfonamide 


168 


i\K{5-[l-Elliyl-4-(tetrahydro-2^ 

fe]pyridin-5-yl]-l,2,4-oxadiazol-3-yi}methyl)-l- 

phenylmethanesulfbnamide 


169 


iVK{5-[l-Ethyl-4-(tetrahydro-2jy-py^^ 

6]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)-2-propanesulfonamide 


170 


2V"-({5-[l-Ethyl-4-(tetrahydro^ 

£>]pyridin-5-yl]-l^,4-oxadiazol-3-yl}methyl)-l-propanesiilfonamide 


171 


A^-({5-[l-Ethyl-4-(tetrahycko-2Jy-pyran-4-ylamino)-li7-pyrazolo 
6]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)cyclopropanesulfonamide 


172 


N-( {5-[ 1 -Ethyl-4-(tetrahydro-2//-pyran-4-ylamino)- l/f-pyrazolo[3 ,4- 
&]pyridin-5-yll-l,2,4-oxadiazol-3-yl}methyl)-2-tWophenesvdfonairdde 


173 


l-({5-[l-Ethyl-4-(tetrahydro-2if-pyran-4-ylamino)-lH-pyrazolo[3,4- 
6]pyridin-5-yl]-l^ 5 4-oxadiazol-3-yl}methyl)-2-pyrrolidinone 


174 


l-({5-[l-Ethyl-4-(tetxahydro-2//-pyran-4-ylamino)-17/-pyrazolo[3,4- 
&]pyridin-5-yl]-l,2,4-oxadiazol-3-yl}methyl)-2-piperidinone 


175 


5-{3-[(l-Acetyl-4-piperidinyl)methyl]-l,2Aoxadiazol-5-yl}-l-ethyl-7/- 
(tetrahydro-2i/-pyran-4-yl)-li^-pyrazolor3,4-6]pyridin-4-amine 


176 


l-Ethyl-5-(3-{[l-(3-methylbutanoyl)-4-piperidinyl]methyl}-l,2,4- 

oxadiazol-5-yl)-//-(tetrahydro-2i/-pyran-4-yl)-l//'-pyrazolo[3,4- 

&]pyridin-4-amine 


177 


l-Ethyl-5-(3-{[l-(methylsulfonyl)-4-piperidinyl]methyl}-l,2 5 4- 
oxadiazol-5-yl)-A^(tetrahydro-2H'-pyran-4-yl)-li7-pyrazolo[3,4- 
6]pyridin-4-amine 


178 


l-Etihiyl-5-{3-[l-(phenylsulfonyl)cyclopropyl]-l,2,4-oxadiazol-5-yl}-iV- 
(tetrahydro-2jy-pvran-4-yl)-l^-pyrazolor3,4-6]pyridin-4-amine 


179 


1 -Ethyl-5-[3-(phenylmethyl)- 1 ^^oxadiazol-S-yy-iV^Ctetraliydro-Zfr- 
pyran-4-yl)-l/f-pyrazolo[3,4-&]pyridin-4-amine 


180 


l-Ethyl-5-[3-(l-phenyle^ 
pyran-4-yl)-l^-pyrazolo[3,4-Z?]pyridin-4-amine 


181 


l-Ethyl-5-(3-{[4-(methy^ 
(tetrahydro-2H-pyr^^ 


182 


5-(3- {[4-(Dimethylamino)phenyl]methyl) -1 ,2,4-oxadiazol-5-yl)-l- 
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einywv-^iciXaJjyaro-z-xi-pyi aii-H'-yi j- i ri -p yr dzuio jpyr iujULi~H-~cuiiiiic 


183 


5-(3- {[3-(Dimethylamino)phenyl]methyl} - 1 ,2,4-oxadiazol-5-yl)- 1 - 
ethyl-iV-(tetrahydro-2i7-pyran-4-yl)- lif-pyrazolo [3 ,4-/3]pyridin-4~amine 


184 


D-^>- 1 [4-^iJinieiJiyiainino jpnenyijineujyi/ - 1 ,z,4-oxacnazoio -yi 1 - 
ethyl-iV'-(tetrahydro-2/f-pyran-4-yl)- li?"-pyrazolo [3 ,4-6]pyridin-4-amine 


185 


1 -xittiyl-!) - \ j - [(pnenyloxy jmetiiyi j - 1 ,z,4-oxadiazoi- j-yij- -iV~(tetranyaro- 
277-pyran~4-yl)- li/-pyrazolo [3 ,4-2>]pyridin-4-amine 


186 


i-etnyl-iV-^tetraJiyaro-z/i-pyran-4-yi ;-d-[3-^,o, /,o- 

tetrahydro[ 1 ,2,4]triazolo[43-a]pyridin-3-ylmetibiyl)-l ,2,4-oxadiazol-5- 

yl] -1 jfiT-pyrazolo [3 ,4-6]pyndin-4-arnine 


187 


1 -Ethyl-5- {3-[(4-phenyl-l -piperazinyl)methyl]-l ,2,4-oxadiazol-S-yl} - 
iV-(tetrahydro-2i?-pyran-4-yl)- 1 H-\y yrazo lo [3 ,4-&]pyndin-4-amine 


188 


1 -Ethyl-5-(5-ethyl-l,2 3 4-oxadi^ 
i -pyrazoio l-j ,*r*? jpyncuji-^^diiiiiic 


189 


5 ~(5- {[4-(Dimethylamino)phenyl]methyl} -l,2,4-oxadiazol-3-yl)- 1 - 
ethyl-iV^tetrahydro^i^-pyr^ 


190 


l-Ethyl-5-(5-{[4-(methyloxy)ph^ 

(tetrahydro-2J¥-pyran-4-yl)- li7-pyrazolo[3 ,4-&]pyridin-4-amine 


191 


5-(3,8-Dioxa-l-azaspko[4.5]dec-l-en-2^ 
pyran-4-yl)- li^-pyrazolo [3 ,4-6]pyridin-4-amine 



Example 



N-CycIopentyl-l-ethyl-5-(5-methyH^,4-oxadiazoI-2-yl)-lH- 



5 pyrazolo[3,44j]pyridin^amine 




Example 1 R Y = Me 



Interaiediate 4 (0.043g) was dissolved in acetonitrile (2ml) then treated with phosphorous 
oxychloride (0.1 Olg) and stirred under nitrogen and heated at 90°C for 2h. The mixture 
10 was concentrated in vacuo and the residue partitioned between DCM and saturated 
aqueous sodium bicarbonate solution. The organic layer was concentrated in vacuo and 
applied to an SPE cartridge (aminopropyl, lg), which was eluted with methanol. 
Concentration in vacuo afforded Example 1 (0.032g). LCMS showed MH*" = 313; Tret = 
3.13min. 



15 
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Similarly prepared, for example without limitation using the same or similar number of 
moles of reagents and/or volumes of solvents, but with an extended reaction time (see 
table) was: 







Starting material 


Reaction 
time 


MET*" 
ion 


TREi^min) 


Example 2 


O 5 ^ 


Intermediate 5 


3h 


391 


2.88 



10 



Example 3: N-Cyclopentyl-l-ethyl-5-(5-isopropyl-l 5 3 ? 4-oxadiazol^2-yl)-lH- 
pyrazolo[3,4-b]pyridin-4-amine 




Intermediate 10 was dissolved in acetonitrile (2ml) then treated with phosphorous 
oxychloride (0.101 g) and stirred under nitrogen at 90°C for 3.5h. The mixture was 
concentrated in vacuo and the residue partitioned between DCM and saturated aqueous 
15 sodium bicarbonate solution. The organic layer was concentrated in vacuo and the residue 
applied to a SPE cartridge (silica, 5g), which was eluted with cyclohexane : Et 2 0 (1:2). 
Fractions containing desired material were combined and concentrated in vacuo to afford 
Example 3 (0.034g). LCMS showed MH* = 341 ; Tret = 3.39min. 

20 Example 4: N-Cyclopentyl-l-ethyl-^ 
pyrazolo[3,4-b]pyridm-4-amine 




A solution of Intermediate 4 (0.09g) in acetonitrile (5ml) was stirred under nitrogen and 
treated with Lawesson's reagent (0.1 16g). The mixture was heated at 65°C for 16h, then 
25 concentrated in vacuo. The residue was applied to an SPE cartridge (silica, 5g) and eluted 
with a gradient of cyclohexane : Et 2 0 (1:2 then 1:3, 1:4, 1:5, 0:1). Fractions containing 
desired material were combined and concentrated in vacuo. Further purification was 
achieved using mass directed autoprep HPLC to afford Example 4 (0.002g). LCMS 
showed MH* = 339; Tret = 3.23min. 
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Example 5: N-Cyclopentyl-l-ethyl-5-{5-[(methylsulfonyl)methyl]-l,3,4-thiadiazol-2- 
yl}-lH-pyrazolo[3,4-b]pyridin-4-amine 



A solution of Intermediate 5 (0.07g) in acetonitrile (3ml) was stirred under nitrogen and 
treated with Lawesson's reagent (0.085g). The mixture was heated at 65°C for 136h, then 
concentrated in vacuo. The residue was partitioned between DCM and water and the 
organic layer concentrated in vacuo. Further purification was achieved using mass 
directed autoprep HPLC to afford Example 5 (0.008g). LCMS showed MH 4 = 407; Tret 
= 2.98min. 

Example 6; N-Cyclopentyl-l-ethyl-5-(5-isopropyH^,4-thiadiazol-2-yl)-lH- 
pyrazolo[3,4-blpyridin-4-amine 



Intermediate 10 was dissolved in acetonitrile (5ml) then treated with Lawesson's reagent 
(0.125g) and heated under nitrogen at 65°C for 66h. Volatiles were removed in vacuo and 
the residue was purified by mass directed autoprep HPLC to afford Example 6. LCMS 
showed MH + = 357; Tret = 3.59min. 

Example 7: l-Ethyl-N-(4-fluorophenyl)-5-(3-methyl-l ,2,4-oxadiazol-5-yl)-l H- 
pyrazolo [3,4-b] pyridin-4-amine 



A solution of Intermediate 6 (0.04g) in ethanol (1ml) was stirred over powdered 4A 
molecular sieves (0.290g) and treated with Intermediate 9 (0.045g), followed by sodium 
ethoxide (0.020g). The mixture was heated under reflux for 1 8h, then cooled and filtered. 
Following concentration of the filtrate in vacuo, die residue was applied to an SPE 
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cartridge (silica, 5g) which was eluted with cyclohexane : Et 2 0 (1:1). Fractions 
containing desired material were combined and concentrated in vacuo to afford Example 
7 (0.017g). LCMS showed MH+ = 339; Tret = 3.23min. 

Example 8: N-Cyclopentyl-5-(l,3-dimethyl-lH-l,2,4-triazol-5-yl)-l-ethyl-lH- 
pyrazolo[3,4-b]pyridin-4-amine 




A solution of Intermediate 7 (0.06g) in ethanol (2ml) was treated with triethylamine 
(O.lOlg), followed by methyl acetimidate hydrochloride (0.033g) and the mixture heated 
under reflux (80°C) for 42h. Reaction was incomplete so a further portion of methyl 
acetimidate hydrochloride (0.033g) was added and stirring continued under reflux for 6 
days. The mixture was concentrated in vacuo and the residue partitioned between DCM 
and 2M aqueous HC1. The organic layer was concentrated in vacuo and purified by mass 
directed autoprep to afford Example 8 (0.003g). LCMS showed MH 1 " = 326; Tret = 
2.66min. 

Example 9: l-Ethyl-5-(5-isopropyl-l,3,4-oxadiazol-2-yl)-N-tetrahydro-2H-pyran-4- 
yl-lH-pyrazoloI3,4-b]pyridin-4-amine 




Intermediate 13 (0.016g) was dissolved in anhydrous acetonitrile (1ml). 
4-Aminotetrahydropyran hydrochloride (Intermediate 21A, 0.008g) was then added, 
followed by diisopropylethyl amine (0.05ml) and the mixture was stirred under nitrogen 
at 75°C for 19h. A further portion of 4-aminotetrahydropyran (0.002g) was added and 
stirring continued at 85°C for 16h. The mixture was concentrated in vacuo and partitioned 
between DCM and water. The organic phase was concentrated in vacuo and applied to an 
SPE cartridge (silica, lg), which was eluted sequentially with a gradient of EtOAc: 
cyclohexane (i) 1:8, (ii) 1:4, (hi) 1:2, (iv) 1:1 and (v) 1:0. Fractions containing desired 
material were combined and concentrated in vacuo to afford Example 9 (0.013g). LCMS 
showed MET = 357; Tret = 2.89min. 



Example 10; N-cyclohexyl-l-ethyl-5-(5-isopropyl-l^,4-oxadiazol-2-yl)-lH- 
pyrazolo[3,4-b]pyridin-4-amin.e 
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Intermediate 13 (0.016g, 0.055 mmol) was dissolved in anhydrous acetonitrile (1ml). 
Cyclohexyl amine (0.007ml, 0.061 mmol) was then added, followed by diisopropylethyl 
amine (0.05ml, 0.29 mmol) and the mixture was stirred under nitrogen at 75°C for 16h. 
The mixture was concentrated in vacuo and partitioned between DCM and water. The 
organic phase was concentrated in vacuo and applied to an SPE cartridge (silica, lg), 
which was eluted sequentially with a gradient of EtOAc: cyclohexane (i) 1:16, (ii) 1:8, 
(hi) 1 :4, (iv) 1 :2 and (v) 1 : 1 . Fractions containing desired material were combined and 
concentrated in vacuo to afford Example 10 (0.015g). LCMS showed MH* = 355; Tret = 
3.59min. 

Similarly prepared using the same or similar number of moles of reagents and volumes of 
solvents was the following: 
15 





NR 3 R 3a 


Starting amine 


ME? 
ion 


TRET(min) 


Example 11 




Isobutyl amine 


329 


3.40 





Example 12: l-EthyI-N-isobutyl-5^^ 
b]pyridin-4-amine 




20 Example 12 R Y = Me, NHR 3 = hn x 

Intermediate 12 (0.026g, 0.1 mmol) was dissolved in ethanol (1.5ml) and treated with a 
solution of isobutylamine (0.007g, 0.1 mmol), also in ethanol (1ml). The mixture was 
then treated with diisopropylethyl amine (0.075 ml, 0.4 mmol, 4 mole equivalents) and 
25 stirred at 75°C for 1 6h. The mixture was concentrated in vacuo and applied to an SPE 
cartridge (silica, 0.5g) which was eluted sequentially with (i) chloroform, (ii) Et 2 0 and 
(iii) methanol. Fractions containing desired material were combined and concentrated in 
vacuo to afford Example 12 (0.024g). LCMS showed MH* = 301; Tret = 2.90min 
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Similarly prepared using the same or similar number of moles of reagents and volumes of 
solvents were the following: 







NR 3 R 3a 


Starting 
material 


Amine reagent 


MET** 
ion 


Tret 
(min) 


Example 13 


Me 


/ — \ 

HN \__y 


Intermediate 12 


uycionexyiamine 


/ 


j. 1 


JLxampie i*t 


Ayr** 


/ — \ 




4— Amino 

tetrahydropyran 


329 


2.49 


Example 15 


Me 


HN^v 


Intermediate 12 


(R)-(-)-3-methyl-2- 
butylamine 


315 


3.00 


Example 16 


Me 




Intermediate 12 


(S)-(-)~3 -methyl-2- 
butylamine 


315 


*5 Art 

3.00 


Example 17 


*Bu 




Intermediate 14 


4-Amino 
tetrahydropyran 


371 


2.99 


Example 18 


*Bu 


HN — ^ ^ 


Intermediate 14 


Cyclohexylamine 


369 


3.64 


Example 19 


•Bu 




Intermediate 14 


Cyclopentylamine 


355 


3.48 


Example 20 


*Bu 


HN x 


Intermediate 14 


Isobutylamine 


343 


3.43 


Example 21 


*Bu 


T 


Intermediate 14 


(S>(-)-3-methyl-2- 
butylamine 


357 


3.53 


Example 22 


l Bu 




Intermediate 14 


(RH-)-3-methyl-2- 
butylamine 


357 


3.53 


Example 23 






Intermediate 15 


4-Amino 
tetrahydropyran 


407 


2.44 


Example 24 






Intermediate 15 


Cyclohexylamine 


405 


3.00 


Example 25 




HN N 


Intermediate 15 


Isobutylamine 


379 


2.81 


Example 26 




Y 

HN^ 


Intermediate 15 


(S)-(-)-3-methyl-2- 
bulylamine 


393 


2.90 


Example 27 






Intermediate 15 


(RH-)-3-methyl-2- 
butylamine 


393 


2.91 
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Example 14 : l-Ethyl-5^5-methyl-l,3,4-oxadiazol-2-y^ 
yl)-l^r-pyrazolo[3 5 4-6]pyridin-4-amine 



An alternative method of preparing Example 14 is now described: 

EDC (0.823g, 5.3mmol) and HOBT (0.614g, 4.55mmol) were added to Intermediate 17 
(1.10g, 3.80mmol) in N^-dimethylformainide (10ml). The mixture was stirred for 1.5 
hours then acetic hydrazide (0.421 g, 5.7mmol) (commercially available e.g. from 
Aldrich) was added and the reaction mixture stirred at 20 °C for 48 hours. The reaction 
mixture was evaporated and the residue partitioned between chloroform and water. The 
aqueous phase was extracted with chloroform and the combined organic phases were 
washed with saturated aqueous sodium chloride solution then dried (Na 2 S04> and 
evaporated. Phosphorus oxychloride (10ml) was added to the residue and the mixture 
heated at 120 °C for 0.5 hours. The reaction mixture was evaporated in vacuo and the 
residue applied to an SPE cartridge (silica, 20g). The cartridge was eluted with, 
dichloromethane, cyclohexanQ:ethyl acetate (2:1 then 1:1), ethyl acetate, 
chloroform:metiianol (19:1 followed by 9:1). Fractions containing the required 
compounds were combined and evaporated in vacuo. The residue was then 
chromatographed on the Biotage (silica, 50g) using cyclohexaneiethyl acetate (2:1. then 
1:1), ethyl acetate followed by ethyl acetate:ethanol (19:1, 9:1 then 9:2). The residue was 
partitioned between dichloromethane and aqueous sodium hydrogencarbonate solution. 
The organic phase was dried (Na 2 S0 4 ) and evaporated in vacuo to give Example 14 as a 
pale yellow solid (0.93g). LCMS showed MH*~ = 329, Tret = 2.54min. X H NMR 
(400MHz in CDC1 3 , 27°a 5ppm) 9.12 (br m, 1H), 8.72 (s, 1H), 8.01 (s, 1H), 4.52 (q, 
2H), 4.24 (m, 1H), 4.08 (m, 2H), 3.67 (m, 2H), 2.65 (s, 3H), 2.20 (m, 2H), 1.86 (m, 2H), 
1.53 (t, 3H). 

Example 17 : 5-[5-(14-Dimethylethyl)-l^ 
2ff-pyran^-yl)-lJT-pyrazolo[3,4-6]pyridin-4-amine 





An alternative method of preparing Example 17 is now described: 
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EDC (1.30g, 6.76mmol) and HOBT (0.782g, 5.80mmol) were added to Intermediate 17 
(1.40g, 4.83mmol) in N^-dimethylformamide (20ml). The mixture was stirred for 0.5 
hours then pivalic acid hydrazide (0.6 16g, 5.3mmol) (commercially available from 
5 Fluorochem Ltd, Wesley Stree, Glossop, Derbyshire SKI 3 9RY, United Kingdom or can 
be prepared according to the procedure by K. Ohmoto et al. in J. Med. Chern., 2001, 
44(8), 1268) was added and the reaction mixture stirred at 20 °C for 18 hours. The 
reaction mixture was evaporated and the residue partitioned between dichloromethane 
and water. The organic phase was washed with water, saturated aqueous sodium 

10 hydrogen carbonate solution followed by saturated aqueous sodium chloride solution then 
evaporated in vacuo. Phosphorus oxychloride (10ml) was added to the residue and the 
mixture heated at 120 °C for 3 hours. The reaction mixture was evaporated in vacuo and 
the residue partitioned between dichloromethane and water. The organic phase was 
washed with aqueous sodium hydrogen carbonate solution then dried and evaporated in 

15 vacuo. The residue was applied to an SPE cartridge and eluted with cyclohexane: ethyl 
acetate (3:1 followed by 7:3). The solvent was evaporated in vacuo to give Example 17 
as a white solid (0.65g). LCMS showed MH* = 371, Tret = 3.05min. l H NMR 
(400MHz in CDC1 3 , 27°C, 8ppm) 9.18 (br m, 1H), 8.75 (s, 1H), 8.01 (s, 1H), 4.52 (q, 
2H), 4.25 (m, 1H), 4.08 (m, 2H), 3.67 (m, 2H), 2.20 (m, 2H), 1.84 (m, 2H), 1.57-1.49 (m, 

20 12H). 

Example 28: l-Ethyl-5-(3-methyl-l,2,4-oxadiazol^ 
lH-pyrazolo[3,4-b]pyridin-4-amine 



25 




A solution of Intermediate 16 (0.05g, 0.157 mmol) in ethanol (2ml) was stirred over 
powdered 4A molecular sieves (0.30g) and treated with a solution of Intermediate 9 

30 (0.059g, 0.8 mmol) and sodium ethoxide (0.027g, 0.4 mmol) in ethanol (1ml). The 

mixture was heated at reflux for 18h under nitrogen, then cooled and filtered. Following 
concentration of the filtrate in vacuo, the residue was applied to an SPE cartridge (silica, 
5g) which was eluted with cyclohexane : EtOAc (1:1). Fractions containing desired 
material were combined and concentrated in vacuo to afford Example 28 (0.024g). LCMS 

35 showed MH 4 = 329; Tret = 2.86 min. 

Similarly prepared using the same or similar number of moles of reagents and volumes of 
solvents were the following: 
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RX 


Starting 
Amidoxime 


MH^ion 


Tret 
(min) 


Example 29 


CH 2 OMe 


Intermediate 22 


359 


2.78 



Example 30; 5-{3-ra>imethylamiiio)methyl]-l,2,4-oxadiazoI-5-yl}-l-ethyl-N- 
tetrahydro-2H-pyran^yl-lH-pyrazolo[3,4-b]pyridin^amine 




A solution of Intermediate 16 (0.05g) in ethanol (2ml) was stirred over powdered 4A 
10 molecular sieves (0.30g) and treated with a solution of Intermediate 23 (0.094g) and 
sodium ethoxide (0.027g) in ethanol (1ml). The mixture was heated at reflux for 18h 
under nitrogen, then cooled and filtered. Following concentration of the filtrate in vacuo, 
the residue was applied to an SPE cartridge (silica, 5g) which was eluted with 2-5% 
methanol in DCM. Fractions containing desired material were combined and 
15 concentrated in vacuo, then applied to a further SPE cartridge (aminopropyl, lg) which 
was eluted with methanol to afford Example 30 (0.02g). LCMS showed MET*" = 372; Tret 
= 2.10 min. 

Example 31 : l-Ethyl-5-[3-(morpholin-4-ylmethyI)-l,2,4-oxadiazol-5-yl]-N- 
20 tetrahydro-2H-pyran-4-yl-lH-pyrazolo[3,4-b]pyridin-4-amine 




J* 



A solution of Intermediate 16 (0.05g) in ethanol (2ml) was stirred over powdered 4A 
25 molecular sieves (0.30g) and treated with a solution of Intermediate 24 (0.128g) and 
sodium ethoxide (0.027g) in ethanol (1ml). The mixture was heated at reflux for 18h 
under nitrogen, then cooled and filtered. Following concentration of the filtrate in vacuo, 
the residue was applied to an SPE cartridge (silica, 5g) which was eluted with 2-5% 
methanol in DCM. Fractions containing desired material were combined and 
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concentrated in vacuo to afford Example 31 (0.025g). LCMS showed MET 1 " = 415; Tret = 
2.46 niin. 

Example 32: 5-(5-Cyclopropyl-l,3,4-oxadiazol>2-yl)-l-ethyl-N-tetrahydro-2H-pyran- 
5 4-yHH-pyrazolo[3,4-b]pyridin-4-amine 



A solution of Intennediate 20 (0.020g) in THF (0.2ml) was treated with Burgess reagent 
(0.026g) and heated in a microwave at 120°C (100W) for 5min. The mixture was 
concentrated by evaporation under a stream of nitrogen and the residue applied to an SPE 
10 cartridge (silica, lg) which was eluted with 2% methanol in DCM to afford Example 32 
as a white solid (0.014g). LCMS showed MH+ = 355; Tret = 2.78 min. 

Example 33: N-fl-Acetylpiperidm^yD-l-ethyl-S-CS-methyM^^-oxadiazol^-yl)^ 
lH-pyrazolo[3,4-b]pyridin-4-amine 



Intermediate 12 (0.03 g) was dissolved in acetonitrile (2ml) and treated with DIPEA 
(0.1ml) and Intermediate 25 (0.022g). The mixture was stirred at 85°C for 1 8h then 
concentrated in vacuo and partitioned between DCM and water. The layers were 
separated and the organic layer concentrated in vacuo, then purified by mass directed 
20 autoprep HPLC to afford Example 33 (O.Olg). LCMS showed MET** = 370; Tret = 
2.48min. 

Example 34: l-Ethyl-5-[5-(3-methyloxetan-3^ 
2H-pyran^yMH-pyrazolo[3,4-blpyridin-4-amine 






25 
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10 



15 



20 



25 



30 



A solution of Intermediate 19 (0.05g, 0.133 mmol), TBTU (0.045g, 0.14 mmol) and 
DIPEA (0.1ml, ca. 0.5 mmol) in DMF (1ml) is stirred at room temperature under nitrogen 
for 5 min. A solution of Intermediate 26 (0.024g, 0.21 mmol) in DMF (1ml) is then added 
and stirring continued for 18h. Reaction can be found to be incomplete after this time so a 
further portion of Intermediate 26 (0.012g, 0.10 mmol) is added and stirring continued 
under nitrogen for a further 18h. The mixture is concentrated in vacuo then the residue 
applied to an SPE cartridge (aminopropyl, 2g), which is eluted with methanol (2x3ml). 
Fractions containing desired material are concentrated in vacuo. 

The partially purified intermediate is taken forward without further 
characterisation and si dissolved in THF (0.5ml) then treated with Burgess reagent 
(0.025g, ca. 0.1 mmol). The mixture is heated under microwave conditions at 120°C 
(120W) for 5 min. The mixture is then concentrated in vacuo and purified by mass 
directed autoprep HPLC to afford Example 34. 

According to an alternative and more preferred embodiment, the reaction was performed 
as follows. A solution of carboxylic acid Intermediate 26 (0.024g, 0.21 mmol), TBTU 
(0.045g, 0.14 mmol) and DIPEA (0.1ml, ca. 0.5 mmol) in DMF (1ml) was stirred at room 
temperature under nitrogen for 5 min. A solution of Intermediate 19 (0.05g, 0.133 mmol) 
in DMF (1ml) was then added and stirring continued for 1 8h. Reaction was found to be 
incomplete after this time so a further portion of Intermediate 26 (0.012g, 0.10 mmol) 
was added and stirring continued under nitrogen for a further 18h. The mixture was 
concentrated in vacuo then the residue applied to an SPE cartridge (aminopropyl, 2g), 
which was eluted with methanol (2x3ml). Fractions containing desired material were 
concentrated in vacuo. The partially purified intermediate was taken forward without 
further characterisation and was dissolved in THF (0.5ml) then treated with Burgess 
reagent (0.025g, ca. 0.1 mmol). The mixture was heated under microwave conditions at 
1 20°C (120W) for 5 min. The mixture was then concentrated in vacuo and purified by 
mass directed autoprep HPLC to afford Example 34 (0.006g). LCMS showed MH* « 
385; T R Er : =2.65min. 

Similarly prepared, via the original or alternative embodiment described above, and using 
the same or similar number of moles of reagents and volumes of solvents, were the 
following: 







Starting 
Carboxylic Acid 

(instead of 
Intermediate 26) 


MET*" 
ion 


Tret 
(min) 


Example 35 




Intermediate 27 


427 


2.14 


Example 36 




Intermediate 28 


400 


2.87 
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Example 37 




Intermediate 29 


412 


2.39 



Example 35: l-Ethyl-5-{5-[(4-methyl-l-^^ 
(tetrahydro-2jy-pyran^-yl)-ljy-pyr^ 

5 




An alternative method of preparing Example 35 is now described: 

10 A solution of Intermediate 27 (0.463g, 2.93mmol), TBTU (0.941 g, 2.93mmol) and 
DIPEA (1.53ml, 8.79mmol) in dry dimethylformamide (7ml) was stirred at room 
temperature for 15min. A solution of Intermediate 19 (l.Og, 2.93mmol) in dry 
dimethylformamide (5ml) was then added and stirring was continued for lh. The mixture 
was concentrated in vacuo, and the residue was dissolved in methanol (5ml) and applied 

15 equally to two SPE cartridges (aminopropyl, lOg). The cartridges were eluted with 
methanol. The product-containing fractions were combined and evaporated to give a 
yellow oil (1.56g) which was dissolved in dichloromethane (10ml) and applied to a SPE 
cartridge (silica, lOg). The cartridge was eluted with cWoroform-melhanol-triethylamine 
(9/0.2/0.1). Fractions containing the desired product were combined and evaporated to 

20 give a pale yellow foam (1.17g). This product was suspended in dry tetrahydrofuran 

(45ml) and treated with Burgess reagent (1.244g, 5.22mmol) at room temperature under 
nitrogen. The resulting solution was heated at 70°CL After 2h, the reaction mixture was 
evaporated and the residual oil was dissolved in dichloromethane (5ml) and applied to a 
SPE cartridge (silica, 20g). The cartridge was eluted with chloroform-methanol- 

25 triethylamine (9/0.2/0. 1). Fractions containing the desired material were combined and 

evaporated to give a cream solid. Further purification by passage through a SCX cartridge 
(20g) eluting with methanol followed by 10% ammonia in methanol afforded Example 35 
as a buff coloured solid (0.72g). LCMS showed MET 1 * = 427, Tret = 2.02min. !h NMR 
(400MHz in CDCI3, 27°C, 8ppm) 9.11 (d, 7Hz, 1H), 8.76 (s, 1H), 8.01 (s, 1H), 4.52 (q, 

30 2H), 4.24 (m, 1H), 4.08 (m, 2H), 3.93 (s, 2H) 3.66 (m, 2H), 2.8 - 2.5 (br m's, 4H), 2.31 
(s, 3H), 2.20 (m, 2H), 1.85 (m, 2H), 1.52 (t, 3H). 
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ExajnEle_3^1-Ethyl-N-(tetrahydro-2H^ 
yl)-l,3,4-oxadiazol-2-yl]-lH-pyrazo^ 




5 A solution of Intermediate 19 (0.05g, 0.133 mmol), TBTU (0.045g, 0.14 mmol) and 

DIPEA (0.1ml, ca. 0.5 mmol) inDMF (1ml) is stirred at room temperature under nitrogen 
A for 5 min. A solution of Intermediate 30 (0.01 8g, 0. 14 mmol) in DMF (1ml) is then added 

y and stirring continued for 1 8h. Reaction can be found to be incomplete after this time so a 

further portion of Intermediate 30 (0.009g, 0.07 mmol) is added and stirring continued 
1 0 under nitrogen for a further 1 8h. The mixture is concentrated in vacuo then the residue 
applied to an SPE cartridge (aminopropyl, 2g), which is eluted with methanol (2x3ml). 
Fractions cont aining desired material are concentrated in vacuo. The partially purified 
intermediate is taken forward without further characterisation and is dissolved in THF 
(0.5ml) then treated with Burgess reagent (0.025g, ca. 0.1 mmol). The mixture is heated ; 
15 under microwave conditions at 120°C (120W) for 5 min. Reaction can appear incomplete; 
so a further portion of Burgess Reagent (0.012g, ca. 0.05 mmol) is added and the mixture 
heated under microwave conditions at 140°C (120W) for a further 10 min. The mixture 
is then concentrated in vacuo and purified by mass directed autoprep HPLC to afford 
Example 38. 

20 

According to an alternative and more preferred embodiment, the reaction was performed 
A as follows. A solution of carboxylic acid Intermediate 30 (0.01 8g, 0.14 mmol), TBTU 

W (0.045g, 0.14 mmol) and DIPEA (0.1ml, ca. 0.5 mmol) in DMF (1ml) was stirred at room 

temperature under nitrogen for 5 min. A solution of Intermediate 19 (0.05g, 0.133 mmol) 

25 in DMF (1ml) was then added and stirring continued for 18h. Reaction was found to be 
incomplete after this time so a further portion of Intermediate 30 (0.009g, 0.07 mmol) 
was added and stirring continued under nitrogen for a further 18h. The mixture was 
concentrated in vacuo then the residue applied to an SPE cartridge (aminopropyl, 2g), 
which was eluted with methanol (2x3ml). Fractions containing desired material were 

30 concentrated in vacuo. The partially purified intermediate was taken forward without 
further characterisation and was dissolved in THF (0.5ml) then treated with Burgess 
reagent (0.025g, ca. 0.1 mmol). The mixture was heated under microwave conditions at 
120°C (120W) for 5 min. Reaction appeared incomplete so a further portion of Burgess 
Reagent (0.012g, ca. 0.05 mmol) is added and the mixture heated under microwave 

35 conditions at 140°C (120W) for a further 10 min. The mixture was then concentrated in 
vacuo and purified by mass directed autoprep HPLC to afford Example 38 (0.006g). 
LCMS showed MH* = 399; Tret = 2.64min. 
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25 



Similarly prepared, via the original or alternative embodiment described above, and using 
the same or similar number of moles of reagents and volumes of solvents, were the 
following: 





RY 


Starting 
Carboxylic Acid 

(instead of 
Intermediate 30) 


MET 
ion 


Tret 
(min) 


Example 39 




Intermediate 3 1 


414 


2.44 


Example 40 


CHaO'Bu 


Intermediate 32 


401 


.2.98 



Example 38 : l-Ethyl-iV-(tetrahydro-2Jy-pyran-4-yl)-5-[5-(tetrahydro-2^r-pyran-4- 
yl)-13,4-oxadiazol-2-yl]-l^pyrazolo[3,4-6]pyridin^ainine 




P H 

An alternative method of preparing Example 38 is now described: 

A mixture of Intermediate 30 (0.325g, 2.5mmol), TBTU (0.803g, 2.5mmol) and DIPEA 
(1.75ml, 10.04mmol) in N,N-dimemylfonnarnide (10ml) was stirred at 20 °C for 20 
minutes. A suspension of Intermediate 19 (1.024g, 3.00mmol) in N,N- 
dimethylformamide was added and the reaction mixture stirred for 18 hours. The solvent 
was evaporated and the residue applied to SPE cartridges (2 x 50g, aminopropyl). The 
cartridges were eluted with dichloromethane:methanol (0 - 100% methanol over 17 
minutes at 25ml/min). Appropriate fractions were evaporated in vacuo and the residue 
dissolved in tefrahydrofuran (10ml). Burgess Reagent (0.746g, 3.13mmol) was added 
and the reaction mixture was heated at reflux for 2.5 hours. Additional Burgess Reagent 
(0.284g) was added and heating continued for 1.5 hours. The solvent was evaporated in 
vacuo. The residue was applied to an SPE cartridge (silica, lOOg) and eluted with 
cyclohexane:ethyl acteate (gradient of 0 to 100% ethyl acetate over 25 minutes at 
25ml/min) followed by ethyl acetate then ethyl acetate:methanol (4:1). Appropriate 
fractions were combined and evaporated to give Example 38 as a white solid (0.503g). 
LCMS showed MKT = 399, Tret = 2.67min. *H NMR (400MHz in CDC1 3 , 27°C, 8ppm) 



P33153 PCT 



-175- 



9.14 (brm, 1H), 8.72 (s, 1H), 8.01 (s, 1H), 4.52 (q, 2H), 4.24 (m, 2H), 4.10 (m, 4H), 3.64 
(m, 4H), 3.27 (m, 1H), 2.25-1.96 (m, 6H), 1.85 (m, 2H), 1.53 (t, 3H). 

Example 40A: M ethyl 2-[l-ethyl-4-(tetrahydro-2jy-pyran-4-ylamino)-liy- 
pyrazolo[3,4«A]pyridin-5-yl]-4 9 5-dihydro-l 5 3-oxazole-4-carboxylate 



Intermediate 33 (0.055g, 0.14mmol) and Burgess reagent (0.037g, 0.16minol) were 
suspended in THF (2ml) and heated at reflux for 4 hours. Solvents were removed in 
vacuo and the residue applied to an SPE cartridge (silica, 2g), which was eluted with 
cyclohexane: ethyl acetate (1 :2). Concentration in vacuo afforded Example 40A (0.03g). 
LCMS showed MH* = 374, Tret = 2.78min. 



Example 41: Methyl 2-[l-ethyl-4-(tetrahydro-2JT-pyran-4-ylamino)-lJ?- 
pyrazolo[3,4-A]pyridin-5-yl]-1^3-oxazole-4-carboxylate 





The compoimd of Example 41 was synthesised using the following route, reagents and 
solvents: 
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10 



o6r co ' H J. 



JjT N 
Intermediate 1 7 



co 2 Me EDC, HOBT, EtjN, DMF 




>-CO Me DBU ' CCl4 ' CH 3 CN » Pyridine 
N 2 



Example 41 




OH 



N CCLMe 



Intermediate 33 



Burgess reagent, THF 




CCLMe 



Example 40A 



In one embodiment, a suitable detailed procedure for the first two steps is given above in 
"Intermediate 33" and "Example 40A". In one embodiment, a suitable detailed procedure 
for synthesising Example 41 from Example 40A is as follows: 

Example 40A (0.023g, 0.062mmol) and DBU (0.028g, 0.18mmol) were dissolved in 
carbon tetrachloride/acetonitrile/pyridine (2:3:3, 1.6ml) and stirred at room temperature 
under nitrogen for 48 hours. Solvents were removed in vacuo and the residue was 
purified by mass directed autoprep HPLC to afford Example 41 (0.0017g). LCMS 
showed MH 4 = 372, Tret = 9.24min. 
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Example42: l-Etfayl-S-C^methyl-^S-dihydro-l^-oxazol^-y^-Ar-ftetrahydro-liEf- 
pyran^ylH^-py razol °I 3 » 4 "*lPy ridin " 4 " amilie 




5 Intermediate 34 (0.095g, 0.27mmol) and Burgess reagent (0.071 g, 0.30mmol) were. 

dissolved in THF (2ml) and heated at reflux for 4 hours. Solvents were removed in vacuo 
and the residue applied to an SPE (silica, 5g), which was eluted with ethyl acetate to 
afford Example 42 (0.045g). LCMS showed MH* = 330, Tret= 2.84min. 

10 Example 43: l-n-Propyl-5-(5-methyl-l,3,4-oxadiazoI-2-yl)-N-(tetrahydro-2H-pyran- 
4-yI)-lH-pyrazolo[3,4-blpyridin-4-amine 




15 Example 43 was synthesised according to the following reaction scheme: 
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Intermediate 37 

NaH, DMF, 
I CH 3 CH 2 CH 2 I 




Example 43 



Na, EtOH 



9 

NH 2 90 °C 
^ 

neat (no solvent) 



NaOH, aqueous EtOH 




POCI 3 , CH 3 CN,90 °C 





Intermediate 35 

(i) NBS, CC1 4 , reflux 

(ii) Na 2 C0 3 , aqueous THF 

V 




Intermediate 39 



1H 2 NNHC(0)CH 3 
DMF, EDC, HOBT 




Intermediate 40 



Detailed conditions which can be used for the first six reactions from Intermediate 1 to 
Intermediate 40 are given in the "Intermediate" syntheses hereinabove for Intermediates 
35, 36, 37, 38, 39 and 40. 
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Example 43 can be made from Intermediate 40 using a similar process to that described 
for Example 1, 2, 3, using a similar or the same number of moles of reagents and/or 
volumes of solvents. LCMS showed MH* = 343, Tret = 2.70min. 

Example 44: l-Ethyl-5-l5-(tetrahydrofa 

(tetrahydro-2H-pyran-4-yI)-lH-pyrazolo[3,4-b]pyridin-4-amine 




A solution of Tetrahydro-2-furoic acid = 2-(tetrahydrofuran)carboxylic acid 
1 0 (commercially available from Sigma-Aldrich) (0.012ml, 0. 12mmol), TBTU (0.039g, 
0.12mmol) and DIPEA (0.084ml, 0.48mmol) in DMF (2ml) was stirred at room 
temperature under nitrogen. Intermediate 19 (0.045g, 0.12mmol) was added and the 
reaction stirred for 2 days. The mixture was concentrated in vacuo then the residue 
applied to an SPE cartridge (aminopropyl, 5g), which was eluted with methanol. 
1 5 Fractions containing the desired material were concentrated in vacuo. Half of the 

partially purified material was dissolved in THF (0.1ml) and treated with Burgess reagent 
(0.015g, 0.06mmol). The mixture was heated under microwave conditions at 120 °C 
(100W) for 5 minutes. The mixture was then concentrated in vacuo and applied to an 
SPE cartridge (silica, 0.5g). The cartridge was eluted with dichloromethane: methanol 
20 (19:1), fractions containing the desired material were concentrated in vacuo. The sample 
was then partitioned between dichloromethane and water, the organic phase was 
evaporated to give Example 44 (0.0065g). LCMS showed MET 1 " =385, Tret = 2.69min. 

25 Example 45: l-Ethyl-5-[5-(dimet^ 

pyran^yI)-lH-pyrazolo[3,4-b]pyridiii-4-amine 





\ 
N 







Intermediate 86 (0.1 13g, 0.28mmol) and Burgess Reagent (0.133g, 0.56mmol) in THF 
(lmi) were heated in the microwave 5 minutes at 120 °C SmithCreator Microwave. The 
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sample was evaporated in vacuo and the residue purified by mass directed autoprep 
HPLC...LCMS showed MH* = 358; Tret = 2.57min 

Example 46: l-EthyI-5-(5-methyl-l,2,4-triazoI-3^ 
lH-pyrazoIo[3,4-b]pyridin-4-amme 




A solution of the Intermediate 19 (O.lg, 0.29mmol), diisopropylethylamine (0.3ml, 
L74mmol) and methyl acetimidate hydrochloride (0.095g, 0.87mmol, commercially 
available from Aldrich) in ethanol (3ml) was heated under reflux. After 17h, the reaction 
mixture was evaporated to an oily residue which was partitioned between 
dichloromethane (10ml) and water (2ml). The phases were separated and the organic 
phase was dried over anhydrous sodium sulphate and evaporated to a waxy solid 
(0.053g). Purification of a portion of this solid (0.025g) by mass directed autoprep HPLC 
afforded Example 46 (O.OOSg). LCMS showed MET" = 328; Tret = 2.25min. 

Example 47: N-(l-Acetylpiperidin-4-yl)-l-ethyl-5-(3-methyl-l,2,4-oxadiazol-5-yI)- 
lH-pyrazoIo[3,4-b]pyridin-4-amine 




A mixture of Intermediate 41 (0.049mg, 0.14mmol), Intermediate 9 (0.05 lg, 0.68mmol), 
sodium ethoxide (0.13ml, 21% solution in ethanol, commercially available from Aldrich) 
and powdered 4A molecular sieves (0.3 g) in ethanol (2ml) were heated at 80 °C for 16 
hours under nitrogen. The mixture was cooled and filtered and the filtrate concentrated in 
vacuo. The residue was applied to an SPE cartridge (silica, 5g) and eluted with 
cyclohexane, cyclohexaneiethyl acetate (1:1) and then ethyl acetate. The desired 
fractions were combined and evaporated to give Example 47 (O.OOSg). LCMS showed 
MH* = 370; Tre T » 2.77min 
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Example 48: N-(1-Acetylpiperidm^ 
oxadiazoI-5-yl]-lH-pyrazolo[3 5 4-b]pyridin-4-amine 




Example 48 was prepared from Intermediate 41 and Intermediate 24 using an analogous 
method to that for Example 47. LCMS showed MHT = 455; Tret = 2.59min. 



Example 49 l-Ethyl-5-[(410-4-phenyl-4,5-dm 
(tetrahydro-2JJ-pyran^yl)-li^ 




Burgess reagent (0.1 89g, 0.79mmol) was added portionwise, over 3min, to a stirred 
solution of Intermediate 42 (0.293g, 0.72mmol) in dry tetrahydrofuran (13ml) at room 
temperature under nitrogen. The resulting solution was heated at 70°C under nitrogen for 

15 4h. The reaction mixture was evaporated to give an off-white solid which was dissolved 
in dichloromethane (5ml) and applied to a SPE cartridge (silica, lOg). The cartridge was 
eluted sequentially with a gradient of ethyl acetate-petroleum ether (1:8, 1:4, 1:2, 1:1, 
1 :0). Fractions containing the desired product were combined and evaporated to afford 
Example 49 as a white crystalline solid (0.169g). LCMS showed MET*" = 392; Tret = 

20 3.31min. 



Example 50 l-Ethyl-5-[(4S)-4-phenyl^ 
(tetrahydro-2#-pyran-4-y^ 
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Example 50 was prepared from Intermediate 43 using an analogous method to that for 
Example 49. LCMS showed JVfflT = 392; Tret = 3.32min. 

Example 51 l-Ethyl-5-[(45)-4-(phenylmethyl)-4»5-dihydro-l y 3-oxazol-2-yl]- 
AT-(tetrahydro-2JT-pyran^-yi)-l^-pyrazolo[3,4-61pyridm-4-amine 




Example 5 1 was prepared from Intermediate 44 using an analogous method to that for 
Example 49. LCMS showed Mtf = 406; Tret = 3.38min 

Example 52 i-Ethyl-5-[(4jR)-4-(phenylmethyl)-4,5-dihydro-l^-oxazol-2-yl]- 
iV-(tetrahydro-2jfir-pyran^yl)-l J ff-pyrazolo[3,4-6]pyridiii-4-amme 




Example 52 was prepared from Intermediate 45 using an analogous method to that for 
Example 49. LCMS showed MET 1 " = 406; Tret - 3.38min. 
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Example 53 l-Ethyl-5-[(4,y,5i2)-5-methyl-4-pheiiyl-4,5-dihydro-l,3-oxazol- 
2-yl]-Ar-(tetrahydro-2^-pyran-4-yl)-l^-pyrazolo[3,4-6]pyridin^-amine 




Example 53 was prepared from Intermediate 46 using an analogous method to that for 
Example 49. LCMS showed MH 4 " = 406; Tret = 3.37min. 

Example 54 l-Ethyl-5-[(5IJ)-5-phenyl-4,5-dihydro-l,3-oxazol-2-yl]-iV- 
1 0 (tetrahydro-2JJ-pyran^yl)-l^-pyrazolo[3,4-6]pyridin-4-amiiie 




Example 54 was prepared from Intermediate 47 using an analogous method to that for 
15 Example 49. LCMS showed MH 4 " = 392; Tret = 3.29min. 

Example 55 l-Ethyl-5-[(5S>5-phenyl-4,5-dihydro-l^^ 
(tetrahydrcH2iy-pyran-4-yl)-^ 



20 



r> <r\ 
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Example 55 was prepared from Intermediate 48 using an analogous method to that for 
Example 49. LCMS showed MH 4 = 392; Tret = 3.29min. 



Example 56 5-(4,4-Dimethyl-4,5-dihydro-l,3-oxazol-2-yl)-l-ethyl-iV- 
(tetrahydro-2JT-pyran-4-yl)-lJ3-pyrazolo[3,4-6]pyridin-4-amine 




Example 56 was prepared from Intermediate 49 using an analogous method to that for 
Example 49. LCMS showed MH 4 - 344; Tret = 2.95min. 

Example 57 : 2-[l-Ethyl^(tetrahydro-2H-pyran^-yIamino)-lH-pyrazolo[3,4r 
b)pyridin-5-yl]-l,3-oxazole-4-carboxylic acid 




OH 



15 A solution of lithium hydroxide (0. 12g, 5 .2mmol) in water (6ml) was added to a 

suspension of Example 41 (0.48g, 1.3mmol) in methanol (20ml) and the resultant mixture 
heated at 50 °C for 2 hours. The solvent was evaporated in vacuo and the residue 
dissolved in water (50ml), cooled in an ice bath and acidified to pH 3 by the addition of 
aqueous hydrochloric acid. The precipitate was filtered, washed with water and dried in 

20 vacuo at 40 °C to give Example 57 as a white solid (0.3g). LCMS showed MET 1 " « 358; 
Tret = 2.62min 
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Example 58 : 2-ri-Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4- 
blpyridin-5-yl]-N-(l-methyIethyl)-l,3-oxazole-4-carboxamide 




NR 10 R 11 



Example 58, NR 10 R 11 = NH' 



10 



15 



20 



A mixture of Example 57 (0.05g, 0.14mmol), HOBT (0.023g, 0.17mmol), EDC (0.038g, 
0.2mmol) in DMF (2ml) were stirred at 20 °C for 20 minutes. Isopropylamine (0.013ml, 
0.15mmol) was added and the reaction mixture stiired overnight. The solvent was 
concentrated in vacuo and the residue dissolved in DCM. The organic phase was washed 
with water then aqueous sodium hydrogen carbonate solution. The aqueous phases were 
extracted with DCM and the combined organic phases concentrated in vacuo. The 
residue was applied to an SPE cartridge (aminopropyl, 2g) and eluted with MeOH, 
appropriate fractions were combined and evaporated in vacuo. The residue was further 
purified by chromatography on SPE (silica, 0.5g) eluting with cyclohexane:ethyl acetate 
(2:1 followed by 1 :1) to give Example 58 as a white solid (0.012g). LCMS showed MH 4 " 
= 399; Tret = 2.78min 

Similarly prepared using the same or similar numbers of moles of reagents and/or 
volumes of solvents was the following: 





NRlORll 


Starting amine 


MH 4 


Tret (min) 


Example 59 


o 


Morpholine 


426 


2.56 



Example 60 : l-Ethyl-N-methyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro-2H- 
pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amuie 




"N N 



25 



Intermediate 53 (0.076g, 0.21mmol) in phosphorous oxychloride (3ml) was heated at 120 
°C for 3 hours then evaporated in vacuo. The residue was partitioned between DCM and 
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water and the organic phase concentrated in vacuo. The residue was purified by mass 
directed autoprep HPLC to afford Example 60 (0.027g). LCMS showed MH* = 343; Tret 
= 2.34min 

Example 61 : frawy-^iri-Ethyl-S-CS-methyl-l^^-oxadiazol-l-yQ-lH-pyrazolop^- 
b]py ridin-4-yl] amino}cy clohexanol 




N 



N 



Example 61 , NR 3 R 3a = NH 



-O 



Intennediate 54 (0.072g, 0.63mmol), Intermediate 12 (0.1 50g, 0.57mmol) and 
10 diisopropylethylamine (0.51ml) in acetonitrile (3ml) were heated at 85 °C for 18 hours 
then evaporated in vacuo. The residue was partitioned between DCM and water and the 
organic phase concentrated in vacuo. The residue was purified by mass directed autoprep 
HPLC to afford Example 61 (0.004g). LCMS showed MET = 343; Tret = 2.48min 

1 5 Similarly prepared using the same or similar numbers of moles of reagents and/or 
volumes of solvents were the following: 





NR 3 R 3a 


Amine R 3 R 3a NH 

(instead of 
Intermediate 54) 


MFt 


Tret (min) 


Example 62 




Intermediate 55 


329 


2.59 


Example 63 


NH— ^ 


Intermediate 56 


341 


2.53 


Example 64 


n ~0 


Intennediate 57 


371 


2.60 



20 



Example 65 ; S-rS-aa-Pimethylethylj-l^^oxadiazol^-ylj-l-ethyl-g-methyl-N- 
(tetrahydro-2H-pyran^yl)-lH-pyrazolo[3,4-b]pyridin-4-amine 



NH O-^ 
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Intermediate 61 (0.266g, 0.56mmol) in phosphorous oxychloride (10ml) was heated at 
120 °C for 1 .5 hours then evaporated in vacuo. The residue was partitioned between 
DCM and water and the organic phase concentrated in vacuo. The residue was purified 
on an SPE cartridge (silica, 5g) eluting with cyclohexane: ethyl acetate (2:1, 1:1 then 2:3) 
5 to afford Example 65 (0.042g). LCMS showed Mtf" = 385; Tret = 3.05min. 

Example 66: l-Ethyl-6-methyl-N-(tetrahydro-2^ 
pyran-4-yl)-l,3,4-oxadi^ 




10 Intermediate 64 (0.05g, O.llmol) and Burgess Reagent (0.053g, 0.22mol) in a mixture of 
THF / DMF (1ml, 1:1) were heated under microwave conditions at 120 °C (120W) for 5 
minutes. The reaction mixtures were heated at 150 °C for four 10 minutes intervals with 
an additional portion of Burgess reagent (0.025g) being added after the first and third 
period of additional microwave heating. The reaction mixture was concentrated in vacuo 

1 5 and purified by SPE (silica, 0.5g) eluting with cyclohexane, cyclohexane: ethyl acetate 
(2:3 then 1 :4) then ethyl acetate. Fractions containing the desired material were 
evaporated in vacuo to afford Example 66 (O.OlOg). LCMS showed Mtf = 413; Tret - 
2.63min. 

20 

Example 67 : 5-(5-Cyclobutyl-l,3,4-oxadiazoM^ 
4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine 




25 Intermediate 65 (0.05g, 0.13mmol) and Burgess Reagent (0.07g, 0.3mmol) in THF (2ml) 
was heated at 80 °C for 7 hours. The reaction mixture was concentrated in vacuo and a 
further portion of Burgess Reagent (0.07g, 0.3mmol) in THF (0.5ml) was added and the 
reaction mixture refluxed for 18 hours. The reaction was concentrated in vacuo and 
partitioned between DCM and water. The phases were separated using a hydrophobic frit 

3 0 (Whatman PTFE Filter Media with Polypropylene Housing 5 |iM pore size). The organic 
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phase was concentrated in vacuo and the residue purified by mass directed autoprep 
HPLC to afford Example 67 (0.018g). LCMS showed MET 1 " - 369; Tret = 3.03min. 



Similarly prepared using the same or similar numbers of moles of reagents and/or 
volumes of solvents were the following: 





RY 


Starting 
Intermediate 


MH" 


Tret (min) 


Example 68 


H 


Intermediate 
66 


398 


O "3/1 


Jixampie oy 


Q 


Tn fprm pH 1 51 tf* 

XllLCllJ.lwVJJ.ClLt/ 

67 


386 


2.29 


Example 70 


i 


Intermediate 

68 


412 


2.03 


Example 71 


i 

N-O' 


lntermeciiate 
69 


£\ 1 




Example 72 




Intermediate 
70 


397 




Example 73 




Intermediate 
71 


385 


2.65 


Example 74 


HN" ^ 


Intermediate 
72 


416 


2.59 


Example 75 




Intermediate 
73 


383 


3.22 


Example 76 




Intermediate 
74 


400 


2.38 


Example 77 




Intermediate 
75 


413 


2.79 


Example 78 




Intermediate 
76 


383 


3.22 


Example 79 




Intermediate 
77 


396 


2.88 


Example 80 




Intermediate 
78 


395 


2.91 
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Example 77 : l-Ethyl-A^Ctetrahydro-lff-pyran^-yO-S-IS-Ctetrahydro-lif-pyraii-^ 
ylmethyl>l,3,4-oxadiazol-2-yl]-lH-pyrazolo[3,4-A]pyridm-4-amine 




Alternative Procedure: 

5 

Burgess Reagent (0. 168g, 0.74mmol) was added to a solution of Intermediate 75 (0. 14 1 g, 
0.33mmol) in tetrahydrofuran (2ml). The reaction mixture was heated at reflux for 1 .5 
hours then evaporated. The residue was applied to an SPE cartridge (silica, lOg) and 
eluted with cyclohexane:ethyl acteate (gradient of 0 to 100% ethyl acetate over 15 

10 minutes at 15ml/min) followed by ethyl acetate then ethyl acetate:methanol (4:1). 

Appropriate fractions were combined and evaporated to give Example 77 as a white solid 
(0.099g). LCMS showed MH 4 = 413, Tret = 2.72min. lH NMR (400MHz in CDC1 3 , 
27°C, Sppm) 9.12 (brm, 1H), 8.72 (s, 1H), 8.01 (s, 1H), 4.52 (q, 2H), 4.245 (m, 1H), 4.08 
(m, 2H), 4.00 (m,2H), 3.67 (m,2H), 3.44 (m,2H), 2.91 (m, 2H), 2.20 (m, 3H), 1.93-1.70 

15 (m,4H), 1.57-1.40 (m,5H). 

Example 81: 5-[5-(l-Acetyl-4-piperidinyl)-l,3,4-oxadiazol-2-yl]-l-ethyl-N- 
(tetrahydro-2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amhie 




20 Intermediate 79 (0.18mmol) and Burgess Reagent (0.14g, 0.6mmol) in THF (0.75ml) was 
heated at 80 °C under an atmosphere of nitrogen for 16 hours. The reaction was 
concentrated using a stream of nitrogen and the residue dissolved in DCM (8ml). The 
solution was stirred with water and the phases separated using a hydrophobic frit 
(Whatman). The organic phase was concentrated in vacuo and the material was purified 

25 by mass directed auotprep HPLC to afford Example 81 (0.005g). LCMS showed MH+ = 
440; Tret = 2.52min. 
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Example 82: l-Ethyl-5-{3-[(4-methyl-l-piperazinyl)methyI]-l ,2,4-oxadiazol-5-yl}-N- 
(tetrahydro-2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine 




5 A mixture of Intermediate 16 (0.064g, 0.2mmol), Intermediate 80 (0.172g, lmmol), a 
solution of sodium ethoxide in EtOH (0.19ml, 21% solution) and powdered 4A molecular 
sieves (0.38g) in EtOH (2ml) were stirred at 82 °C under an atmosphere of nitrogen for 
18 hours. The reaction mixture was filtered, the solvent was evaporated in vacuo and the 
residue was applied to an SPE cartridge (silica, 2g). The cartridge was eluted with (i) 
10 cyclohexane, (ii) cyclohexane: ethyl acetate (4:1, 3:2, 1:1, 2:3, 1:4), (iii) EtOAc, (iy) 
MeOH and (v) 10% aqueous NH3 solution in MeOH to afford Example 82 as a white 

solid (0.038g). LCMS showed MET 1 " = 427; Tret = 2.10min. 



Similarly prepared from Intermediate 16, using the same or similar numbers of moles of . 
15 reagents and/or volumes of solvents, were the following: 



9 





RX 


Starting 
Intermediate 
(instead of 
Intermediate 
80) 


MH + 


Tret (min) 


Example 83 




Intermediate 
81 


398 


2.34 


Example 84 


/>0 


Intermediate 
82 


426 


2.6 
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10 



15 



Examples 85 to 96 - various 5-{3-[substituted]-l,2,4-oxadiazol-5-yl}-l-ethyI-N- 
(tetrahydro-2H-pyran-4-yl)-lH-pyrazolo[3 5 4-b]pyridin-4-amines 

Examples 85 to 96 can be prepared from Intermediate 16 using a similar processes to 
those described for any of Examples 28-3 1 or 82-84, using a similar or the same number 
of moles of reagents and/or volumes of solvents. 

Alternatively, Examples 85 to 90 and Examples 95 to 96 (all amides) can be prepared 
from the corresponding carboxylic acid compound Intermediate 83, by activating the 
carboxylic acid moiety (e.g. using a coupling agent such as EDC, HATU or more 
preferably TBTU) and reacting the activated carboxylic acid with the appropriate amine 
rIOrI 1-nh. This reaction, preferred reagents, and the structure of Intermediate 83 is 
shown in the following scheme (Intermediate 83 has the same structure as Example 84 
but the 1,2,4-oxadiazole side-chain R x is -CH 2 -C(0)OH): 



a. 

Intermediate 17 



(i) TBTU, HOBT, DIPEA, DMF 



HO 



NH 



(ii) 



C0 2 H 



H 2N JL-C0 2 t-Bu 
Intermediate 85 



(iii) 1,1'-carbonyIdiimidazole (GDI), 
100 degrees C 




r-I^^C0 2 t-Bu 



Intermediate 84 



hydrolysis, e.g. . 
(i) TFA, CH 2 CI 2 
^ or preferably 
. f 00 anhydrous HCI in 
dioxane 




(i) TBTU, HOBT, DIPEA; DMF; 
or more preferably oxalyl 
chloride, DMF, DCM 


(il) R1°R1 1 NH 



a 



NH Cr 1 ^ CO z H 



Examples 85-91 and 95-96 



Intermediate 83 



As shown in the scheme above, Intermediate 83 can be prepared by hydrolysis of the 
20 corresponding t-butyl ester compound Intermediate 84 (wherein the 1,2,4-oxadiazole 

side-chain R x is -CH2-C(0)-0- t Bu). Intermediate 84 can be prepared from Intermediate 
17 and Intermediate 85 as shown in the scheme above. The preparation of Intermediate 
85 has been shown earlier. 
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In an alternative embodiment, Examples 85 to 90 and Examples 95 to 96 can be prepared 
from reaction of carboxylic acid Intermediate 83 with rIOrHnH as shown above, but 
the Intermediate 83 (wherein the 1,2,4-oxadiazole side-chain R x is -CH 2 -C(0)OH) 
might be preparable from Example 84, by hydrolysing the amide bond within R* in 
Example 84 to form the carboxylic acid Intermediate 83 . 

The example numbers and corresponding structures of Examples 85 to 96 are as follows: 

Example 85 : 2-{5-[l-Ethyl^(tetrahydro-2£r-pyran-4-ylamino)-l J Br-pyrazolo[3,4- 
ilpyridin-S-yll-l^^-oxadiazol-S-ylj-A^phenylacetamide 



a 





^JS^NR 10 R 11 

Example 85. NR 10 R 11 = 



General Procedure for Examples 8 5 to 90: 

N N-Dimethylformamide (0.1ml) was added dropwise to a stirred mixture of Intermediate, 
83 (0.525g, 1.40mmol) andoxalyl chloride (0.18ml, 2.1mmol) in dichloromethane (15ml) 
at 0 °C under an atmosphere of nitrogen. The resultant mixture was stirred at 0 °C for 1 
hour. 

An aliquot of the above solution (1 .1ml) was added to a solution of the amine rIOr 1 *NH 
(0.6mmol) in dichloromethane (0.5ml). The reaction mixture was allowed to stand at 
room temperature for 2 hours then applied to an SPE cartridge (aminopropyl, 2g). The 
cartridge was eluted with chloroform then ethyl acetate / methanol (9:1). Fractions 
containing the product were concentrated and the residue purified by SPE cartridge 
(silica, 5g) eluting with dichloromethane, ether, ethyl acetate then ethyl acetate / 
methanol (9:1). The desired fractions were concentrated to afford the examples given 
below. 
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11 



Example 
Number 


NrIOrII 


Source of 
Starting 
Amine 
rIOrIInh 


MH + 


L'ovjt cm mi 


85 




Sigma- 
Aldrich 


448 


2.98 


86 




Sigma- 
Aldrich 


476 


2.97 


87 


O 


Sigma- 
Aldrich 


440 


2.81 


88 




Sigma- 
Aldrich 


461 


2.90 


89 


/ 
\ 


Sigma- 
Aldrich 


400 


2.51 


90 




Sigma- 
Aldrich 


400 


2.51 



Example 92 ; l-Ethyl-5-{3-[l-(4-moipholinyl)ethyI]-l,2,4-oxadiazol-5-yl}-iV^ 
(tetrahydro-2iy-pyran^y^ 




A mixture of Intermediate 16 (0.059g, 0.2mmol), Intermediate 121 (0.161g, 1.54mmol), a 
solution of sodium ethoxide in EtOH (0.21ml, 21% solution) and powdered 4A molecular 
sieves (0.43g) in EtOH (1.5ml) were stirred at 82 °C vinder an atmosphere of nitrogen for 
18 hours. The reaction mixture was filtered and the residue purified by mass directed 
autoprep HPLC to afford Example 92 (0.007g). LCMS showed MET*" = 428; Tret = 
2.46min. 
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Example 93: 5-f3-(CvclohexvlmethvlVl.2.4-oxadiazo1-5-yl]-1 -ethyl-M-petrahy*™- 
2J^pyran^yl)-lff-pyrazolo[3,4-ib]pyridin-4-aiiiine 



A mixture of Intermediate 16 (0.098g, 0.31mmol), Intermediate 122 (0.24g, 0.93mffiol), a 
solution of sodium ethoxide in EtOH (0.21ml, 21% solution) and powdered 4A molecular 
sieves (0.43 g) in EtOH (1.5ml) were stirred at 82 °C under an atmosphere of nitrogen for 
1 8 hours. The reaction mixture was filtered and the residue purified by mass directed 
autoprep HPLC to afford Example 93 (0X)79g). LCMS showed MET 4 " = 41 1 ; Tret = 
3.80min. 

Example 95 : l-Ethyl-5-{3-[2-oxo~2-(l-piperi^^ 
(tetrahydro-2iJ-pyran^-yl>^ 



General Procedure for Example 95 to 96: 

N,N-Dimethylformamide (0.1ml) was added dropwise to a stirred mixture of Intermediate 
83 (0.525g, 1.40mmol) and oxalyl chloride (0.18ml, 2.1mmol) in dichloromethane (15ml) 
at 0 °C under an atmosphere of nitrogen. The resultant mixture was stirred at 0 °C for 1 
hour. 

An aliquot of the above solution (1.1ml) was added to a solution of the R 10 R ll NH amine 
(0.6mmol) in dichloromethane (0.5ml). The reaction mixture was allowed to stand at 
room temperature for 2 hours then applied to an SPE cartridge (aminopropyl, 2g). The 
cartridge was eluted with chloroform then ethyl acetate / methanol (9: 1). Fractions 
containing the product were concentrated and the residue purified by SPE cartridge 
(silica, 5g) eluting with dichloromethane, ether, ethyl acetate then ethyl acetate / 
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methanol (9:1). The desired fractions were concentrated to afford the examples given 
below. 




Example 
Number 


NRIOrII 


Source of 
Starting 
Amine 
rIOrIInh 


MH 4 * 


Tret (min) 


95 




Sigma- 
Aldrich 


442 


2.51 


96 




Sigma- 
Aldrich 


455 


2.08 
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Examples 97 to 125 -various 5-{5-[substituted]-l 5 3,4-oxadiazol-2-yl}-l-ethyl-N- 
(tetrahydro-2H-pyran^-yl)-lH-pyra^ 

Examples 97 to 125 can be made using processes similar to those described for any of 
Examples 9, 14, 32-40, 44-45, 60-64, 65-66, and 67-81, using a similar or the same 
number of moles of reagents and/or volumes of solvents. 

Example 97: l-Ethyl-iV-(tefrahy^ 
ylmethyl)-l,3,4-oxadiazoI-2-ylH 




General Procedure for preparation of Examples 97 to 125: 

A mixture of diacyl hydrazide Intermediate (one of Intermediates 89-114) and Burgess 
Reagent (2 equivalents) in N,N-dimethylformamide (1ml) was heated in a microwave for 
10 minutes at 120 °C at 150 Watts. The resultant solution was concentrated in vacuo and 
partitioned between chloroform and water. The organic phase was separated using a 
hydrophobic frit (Whatman PTFE Filter Media with Polypropylene Housing 5jjM pore 
size) then concentrated. The residue was purified by mass directed auto-prep HPLC. 

As either formic acid or trifluoroacetic acid are used in the solvents in the mass directed 
auto-prep HPLC procedure (see "Machine Methods section hereinbefore), some of the 
Examples were isolated as the formate salt or trifluoroacetate salt as shown below. 

The example numbers and corresponding structures of Examples 97 to 125 are as 
follows: 
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Example 
Number 


RY 


Diacyl 
hydrazide 
Intexmediate 
number 


MET 


Tret (min) 


97 


N N 

w 


89 


396 


2.47 


98 

(as formate 
salt) 




90 


440 


2.79 


99 

(as formate 
salt) 




91 


395 


2.97 


100 

(as formate 
salt) 


T 


92 


396 


2.69 


103 

(as trifmoro- 
acetate salt) 




93 


435 


3.15 


(as formate 
salt) 




OA 




Z.D I 


105 




95 


412 


2.79 


106 

(as formate 
salt) 




96 


410 


2.77 


107 




97 


448 


3.01 


108 

(as formate 
salt) 




98 


426 


2.76 
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109 
(as 

trifluoroacetate 
salt) 


\ 

NH 


99 


468 


2.85 


111 




100 


412 


2.53 


112 

(as formate 
salt) 




101 


396 


3.03 


1 1^ 

1 ID 




102 


410 


2.81 


1 14 

(as formate 
salt) 




103 


440 


2.79 


117 

(as trifluoro- 
acetate salt) 




106 


424 


2.80 


118 




107 


400 


2.43 


119 

(as trifluoro- 
acetate salt) 


o 


108 


454 


2.63 


120 


\=/ 


109 


419 


3.20 


121 




110 


405 


3.41 


122 




111 


419 


3.53 


123 




112 


419 


3.65 


125 




114 


3.30 


483/485 
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Examples 126 to 147 -various 5-{4-[substituted]-oxazol-2-yl}-l-ethyl-N-(tetrahydro- 
2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amines 

Examples 126 to 147 (all amides) can be prepared by reacting Example 57 and the 
5 appropriate amine to form the amide bond using a process similar to that described for 
Example 58, except that HATU is preferably used instead of EDC as coupling agent, and 
using a similar or the same number of moles of reagents and/or volumes of solvents as in 
Example 58. 

10 Example 126; 2-[l-EthyM-(tetrahydro-2jy-pyran-4-ylamino)-l J H r -pyrazolo[3,4- 
&]pyridin-5-yl)-Ar-(phenylmethyl)-l,3-oxazole-4-carboxamide 



15 General Procedure for Examples 126 to 147: ' 

A mixture of Example 57 (0.014g, 0.04mmol), diisopropylethylamine (0.0017ml, 
0.096mmol) and HATU (0.016g, 0.042mmol) in N,N-<iimethylformamide (0.4ml) was 
allowed to stand for 10 minutes. The resultant solution was added to the appropriate 
20 amine R 10 R l iNH (0.05mmol) and mixture agitated by sonication. After standing for 1 8 ' 
hours the solvent was removed in vacuo. The residue was applied to an SPE cartridge 
(aminopropyl, 0.5g) and the cartridge eluted with chloroform (1.5ml) followed by ethyl 
acetate : methanol (9:1, 2ml). Appropriate fractions were evaporated in vacuo and the 
residue purified by mass directed auto-prep HPLC 





25 



The example numbers and corresponding structures of Examples 126 to 147 are as 
follows: 
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Example 
Number 


NrIOrII 


Source of 
Starting 
Amine 
R 10 R n NH 


MET 


Tret (min) 


126 




Sigma- 

/-VILLI 1L/IJ. 


447 


3.14 


127 




Sigma- 
Aldrich 


477 


3.16 


128 




Sigma- 
Aldrich 


Aft 

461 


J. ZD 


129 




Sigma- 
Aldrich 


461 


3.36 


130 


\ 


Sigma- 
Aldrich 


461 


3.23 


131 




Sigma- 
Aldrich 


481 


3.35 


132 


NH \ — / 


Matrix 
Scientific or 
Maybridge 


475 


3.57 


ID J 




Matrix 
Scientific 


475 


3.55 


134 




Matrix 
Scientific or 
Pfaulz-Bauer 


475 


3.46 


135 


TO 


Sigma- 
Aldrich 


461 


. 3.21 


136 




Pfaulz-Bauer 


491 


3.22 


137 




Sigma- 
Aldrich 


475 


3.32 
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(9 



138 




Sigma- 
Aldrich 


447 


3.42 


139 




J.Med.Chem. 
2003, 46(14), 
3116 


540 


2.87 


140 




WO 

nn /a 1 tin i Q 


525 


2.86 


141 


IB-O*"^ 


Intermediate 
25 


482 


2.55 


142 


NH — ^ \> 


Intermediate 
21 


441 


2.68 


143 


NH O-^ 


Sigma- 
Aldrich 






144 


NH^ 


J.Med.Chem. 
1999, 42(15), 
2870 or 
Matrix 
Scientific 


483 


2.21 


145 


U 

n 


WO 96/05166 


482 


3.32 


146 




Sigma- 
Aldrich 


461 


3.23. 


147 




Intermediate 
115 


490 


2.58 



Example 148 : 2-{5-[l-Ethyl^(tetrahydro-2#-pyran-4-ylanifa^ 
£]pyridin-5-yl]-l£,4H>xadiazol-3-yl}^ 




5 

General Procedure for Examples 148-155 and for alternative preparation of Example 84: 
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N,N-Dimethylformamide (0.1ml) was added dropwise to a stirred mixture of Intermediate 
83 and oxalyl chloride (0.18ml, 2.1mmol) in dichloromethane (15ml) at 0 °C under an 
atmosphere of nitrogen. The resultant mixture was stirred at 0 °C for 1 hour. 

An aliquot of the above solution (1.1ml) was added to a solution of the amine rIOR 1 *NH 
(0.6mmol) in dichloromethane (0.5ml). The reaction mixture was allowed to stand at 
room temperature for 2 hours then applied to an SPE cartridge (arninopropyl, 2g). The 
cartridge was eluted with chloroform then ethyl acetate / methanol (9:1). Fractions 
containing the product were concentrated and the residue purified by SPE cartridge 
(silica, 5g) eluting with dichloromethane, ether, ethyl acetate then ethyl acetate / 
methanol (9:1). The desired fractions were concentrated to afford the examples given 
below. 



NH O-*l>-NR 10 R 11 




Example 
Number 


NRIOrII 


Source of 
Amine 

riOrHnh 




Tret (min) 


148 




Intermediate 
21 


456 


2.49 


149 


NH— < P 


Sigma- 
Aldrich 
(mixture of 
isomers) 


470 


2.66, 2.71 


150 


o 


Sigma- 
Aldrich 


454 


2.96 


152 


/ 

NH — 


Sigma- 
Aldrich 


444 


2.57 


153 




Sigma- 
Aldrich 


468 


3.13 


154 




Sigma- 
Aldrich 


454 


2.96 
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155 




Sigma- 
Aldrich 


449 


2.51 


84 

(alternative 
preparation) 


O 


Sigma- 
Aldrich 


426 


2.63 



Example 157 : 6-{5-[l-Ethyl-4<tetrahydro-2iT-py 
A]pyridm~5-yl]-l,3,4-oxadiazol-2-yl}-2-piperidinone 




General Procedure for Examples 157 to 158: 

A mixture of diacyl hydrazide Intermediate 104 or 105 and Burgess Reagent (2 
10 equivalents) in N,N-dimethylformainide (1ml) was heated in a microwave for 10 minutes 
at 120 °C at 1 50 Watts. The resultant solution was concentrated in vacuo and partitioned 
between chloroform and water. The organic phase was separated using a hydrophobic frit 
(Whatman PTFE Filter Media with Polypropylene Housing 5 juM pore size) then 
concentrated. The residue was purified by mass directed auto-prep HPLC 



Example 
Number 


RY 


Diacyl 

hydrazide 

Intermediate 


MH" 


Tret (min) 


157 




Intermediate 
104 


411 


2.45 


158 




Intermediate 
105 


409 


2.38 
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Examplel59 : jV-((5-fl-Ethyl-4-(tetrahydro-2If-pyran-4-ylamino)-l J g-pyrazolo[3 > 4- 
6]pyridin-5-yl]-l^,4-oxadiazol-3-yl}methyl)acetamide 




M H /' 



b 



17 



Example 159, R 17 = Me 



5 General Procedure for Examples 159 to 165: 

The appropriate carboxylic acid chloride R 17 C(0)C1 (0.12mmol) was added to a stirred 
solution of amine Intermediate 118 (O.lmmol) and diisopropylethylamine (0.3mmol) in 
chloroform (1ml) at room temperature. After stirring at room temperature for 16h, the 

1 0 reaction mixture was applied to a SPE cartridge (aminopropyl, 2g) and the cartridge was 
eluted sequentially with chlororm, ethyl acetate and methanol. Fractions containing the 
desired product were combined and blown down under nitrogen. The resulting residue 
was further purified on a SPE cartidge (silica, lg) eluting with a gradient of 30-100% 
ethyl acetate in petroleum ether. Appropriate fractions were combined and the solvents 

1 5 were evaporated to afford the product. 




Example 
Number 


Rl7 


Source of 
Acyl chloride 
Rl7c(0)Cl 


MET 1 " 


Tret (min) 


159 


CH 3 


Sigma- 
Aldrich 


386 


2.38 


160 




Sigma- 
Aldrich 


448 


2.82 


161 




Sigma- 
Aldrich 


462 


2.85 


162 


K 


Sigma- 
Aldrich 


414 


2.66 


163 


Ok 


Sigma- 
Aldrich 


428 


2.79 
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164 




Sigma- 
Aldrich 


454 


2.99 


165 




Lancaster 


438 


2.68 



Example 166 : AH{Ml-EthyI-4-(tetrahydro-217-pyra^^^ 
6]pyridin-5-yl]-l 5 2,4-oxadiazol-3-yl}methyl)methanesulfonamide 




General Procedure for Examples 166 to 172: 

The appropriate sulphonyl chloride Rl8s(0)2Cl (0.12mmol) was added to a stirred 

solution of amine Intermediate 118 (O.lmmol) and pyridine (0.2mmol) in chloroform 
(lml) at room temperature. After stirring at room temperature for 16h, the reaction 
mixture was applied to a SPE cartridge (aminopropyl, 2g,) and the cartridge was eluted 
sequentially with chlororm, ethyl acetate and methanol. Fractions containing the desired 
product were combined and blown down under nitrogen. The resulting residue was 
further purified on a SPE cartidge (silica, lg) eluting with a gradient of 30-100% ethyl 
acetate in petroleum ether. Appropriate fractions were combined and the solvents were 
evaporated to afford the product. 




Example 
Number 


R 18 


Source of 
Sulphonyl 
chloride 
R 18 S(0) 2 C1 


MH 4 * 


Tret (rain) 


166 


CH 3 


Sigma- 
Aldrich 


422 


2.59 
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167 




Sigma- 
Aldrich 


484 


3.00 


168 




Sigma- 
Aldrich 


498 


3.04 


169 


/ 

K 


Sigma- 
Aldrich 






170 




Sigma- 
Aldrich 


450 


2.83 


171 




Array 
Biopharma 
Inc 


448 


2.69 


172 




Avocado 


490 


2.93 



Example 173: l-(l541-Ethyl-4-(tetra^ 
ft]pyridin-5-yI]-l,2,4^xadiazolO-yl}methyI)-2-pyrrolidi 

5 




A solution of Intermediate 119 (45mg, O.lmmol) in dry dimethylformamide (2ml) was 
added to sodium hydride (60% dispersion in mineral oil, 4.4mg, 0.1 lmmol), and the 

1 0 resulting mixture was stirred at room temperature. After 1 6h, the reaction mixture was 
diluted with water (2ml) and extracted with chloroform (3 x 5ml). The combined organic 
extracts were dried over anhydrous sodium sulphate and evaporated to give the crude 
product. Purification of the crude product on a SPE cartridge (silica, 2g) using a gradient 
of ethyl acetate in petroleum ether afforded Example 173. LCMS showed MET 4 * =412, 

15 Tret = 2.59mm. 

Example 174: l-»5-fl-Ethyl-4-(tetrahy 
6]pyridin-5-yI]-l,2,4-oxadiazol-3-yl}methyl)-2-piperidinone 
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A solution of Intermediate 120 (46mg, O.lmmol) in dry dimethylformamide (2ml) was 
added to sodium hydride (60% dispersion in mineral oil, 4.4mg, 0.1 lmmol), and the 
resulting mixture was stirred at room temperature. After 16h, the reaction mixture was 
diluted with water (2ml) and extracted with chloroform (3 x 5ml). The combined organic 
5 extracts were dried over anhydrous sodium sulphate and evaporated to give the crude 
product. Purification of the crude product on a SPE cartridge (silica, 2g) using a gradient 
of ethyl acetate in petroleum ether afforded Example 174. LCMS showed MET 1 * =426, 
Tret — 2.66min. 

10 Example 175 5-{3-[(l-Acetyl-4-piperidinyO 
(tetrahydro-2Jy-pyran-4-ylH 



Acetyl chloride (0.04mmol) was added to a stirred solution of Intermediate 125 
15 (0.033mmol) and diisopropylethylamine (O.lmmol) in chloroform (1ml) at room 

temperature. After stirring at room temperature for 1.5h, a further quantity of acetyl 
chloride (0.04mmol) and diisopropylethylamine (O.lmmol) were added to the reaction 
mixture. After 3.5h the reaction mixture was applied to a SPE cartridge (aminopropyl, 
lg,) and the cartridge was eluted sequentially with chlororm, ethyl acetate and methanol. 
20 Fractions containing the desired product were combined and blown down under nitrogen. 
The resulting residue was further purified on a SPE cartridge (silica, lg) eluting with a 
gradient of 30-100% ethyl acetate in petroleum ether to afford Example 175 LCMS 
showed MH 4 = 454, Tret = 2.79min. 

25 Example 176 l-Ethyl-5-(3-{[l-(3-methylbutanoyl)^piperidinyl]methyl}-l 5 2,^ 
oxadiazol-5-yl)-AKtetrahydro^ 






30 Isovaleryl chloride (0.04mmol) was added to a stirred solution of Intermediate 125 
(0.033mmol) and diisopropylethylamine (O.lmmol) in chloroform (1ml) at room 
temperature. After stirring at room temperature for 1.5h, the reaction mixture was applied 



P33153 PCT 



-208- 



10 



20 



to a SPE cartridge (amino-propyl, lg,) and the cartridge was eluted sequentially with 
chloroform, ethyl acetate and methanol. Fractions containing the desired product were 
combined and blown down under nitrogen. The resulting residue was further purified on a 
SPE cartridge (silica, lg) eluting with a gradient of 30-100% ethyl acetate in petroleum 
ether to afford Example 176. LCMS showed MH* = 496, Tret = 3.17min. 

Example 177: l-Ethyl-5-(3-{[l-(methylsulfonyl)-4-piperi^ 
oxadiazol-5-yl)-JV-(tetrabydro^^ 




Methanesulphonyl chloride (1.16mmol) was added to a stirred solution of Intermediate 
125 (0.033mmol) and pyridine (0.5ml) in chloroform (1ml) at room temperature. After 
stirring at room temperature for 3 lh, the reaction mixture was applied to a SPE cartridge 
1 5 (aminopropyl, 5g) and the cartridge was eluted sequentially with chloroform, ethyl 

acetate and methanol. Fractions containing the desired product were evaporated in vacuo. 
The resulting residue was further purified on a SPE cartridge (silica, lg) eluting with a 
gradient of 30-100% ethyl acetate in petroleum ether to afford Example 176. LCMS 
showed MET 1 " = 490, Tret = 2.97min. 



Example 178 : 




25 A mixture of Intermediate 16 (0.067g, 0.26mmol), amidoxime Intermediate 126 (0.255& 
1.06mmol), a solution of sodium ethoxide in EtOH (0.87ml, 21% solution) and powdered 
4A molecular sieves (0.68g) in EtOH (2ml) were stirred at 82 °C under an atmosphere of 
nitrogen for 12 hours. The reaction mixture was filtered and the solvent was evaporated 
in vacuo. The residue was applied to an SPE cartridge (silica, 5g) and eluted with ethyl 

30 acetate: cyclohexane (0 to 70% in 10% increments). Appropriate fractions were 

combined and evaporated, the residue was purified further by mass directed auto prep 
HPLC to give Example 178 (O.Ollg) LCMS showed MET*" = 495; Tret = 3.2min. 
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Similarly prepared using the same or similar numbers of moles of reagents and/or 
volumes of solvents were the following: 




Example 
Number 


RX 


Amidoxime 
Intermediate 
number 
(instead of 
Tn termedi ate 

JLllVVi.lllVVU.UbV 

126) 


MH 4 


Tret (rnin) 


179 


no 


127 


405 


3.35 


180 




128 


419 


3.44 


181 




129 


435 


3.34 


182 




130 


435 


3.35 


183 




132 


448 


3.2 


184 




131 


448 


3.30 










185 




133 


421 


3.35 


186 




134 


450 


2.47 
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187 




135 


489 


3.01 











Example 188 : l-Ethyl-5-(5-ethyl-l,2,4-oxadiazol-3-yl)-iV-(tetrahydro-2K-pyran-4- 
yl)-lH-pyrazolo[3,4-ft]pyridin-4-amme 

O' 




Propionic anhydride (0.015ml, 0.12mmol) was added to Intermediate 138 (0.030g, 
O.lmmol) in glacial acetic acid (1.5ml). The reaction mixture was stirred at room 
temperature for 2 hours then heated at 80 °C for 5 hours. The solvent was concentrated in 
vacuo and the residue applied to an SPE cartridge (silica, lg). The cartridge was eluted 
10 with cyclohexane then cyclohexane.ethyl acetate (7:3). Appropriate fractions were 

combined and evaporated to give Example 188 as a white solid (0.015g). LCMS showed 
MET 1 " = 343; Tret = 2.92min 

Example 189 : 5-(5-{f4-(Dimethylammo)phenyl]methyl}-l,2 > 4-oxadiazol-3-yl)-l-ethyl- 
15 ^-(tetrahydro^-pyran^-ylVm-pyrazoloP^-Alpyridin-^amine 




4-(Dimethylamino)phenylacetic acid (0.09g, 0.504mmol) and 1 -(3- 
20 (hmemylammopropyl)-3-emylcarbomimide hydrochloride (0.097g, 0.5 lmmol) in 
dichloromethane (1ml) were stirred at room temperature for 3 hours. The reaction 
mixture was concentrated then Intermediate 138 (0.07g, 0.23mmol) and diglyme (1ml) 
were added. After stirring at 20 C for 18 hour glacial acetic acid (0.07ml) and additional 
diglyme (0.5ml) were added and the mixture heated at 60 °C for 2 hours then at 75 °C for 
25 4 hours. The reaction mixture was applied to an SPE cartridge (SCX, 2g) and the 
cartridge eluted with methanol then 10% ammonia in methanol. The methanolic 
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10 



15 



ammonia fractions were evaporated in vacuo and the residue purified by mass directed 
autoprep HPLC to afford Example 189 as a beige solid (0.004g). LCMS showed MET = 
448; Tret = 3.24min. 

Example 190 : l-EthyI-5-(5-{[4-(methyloxy)phen y l]methyl}-l,2,4-oxadiazol-3-yl)-iV- 
(tetrahydro-2fl-pyran-4-yl)-lH-pyrazolo[3,4-Z»]pyridin-4-amine 




Prepared from Intermediate 138 and 4-methoxyphenylacetic acid using a similar process 
to that described for Example 189 using similar or the same number of moles of reagents 
and/or volumes of solvents. LCMS showed MH 4 " = 435; Tret = 3.26mm 

F.y a mnlel91 :5-(3,8-Pioxa-l-azaspiro^ 
pyran^yl>lfl^pyrazolol3,4-6]pyridm-4-amine 




Example 191 was prepared from Intermediate 139 using an analogous method to that for 
Example 49. LCMS showed MET" = 386, Tret = 2.71min. 



20 
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CLAIMS 



5 1. A compound of formula (I) or a salt thereof: 



Het 




(0 



10 



wherein: 



Rl is Ci_4alkyl, Cx-sfluoroalkyl or -(CH 2 ) 2 OH; 



R2 is a hydrogen atom (H), methyl or Cifluoroalkyl; 



15 R 3 is optionally substituted branched C 3 _6alkyl, optionally substituted C 3 _8cycloalkyl, 
optionally substituted mono-unsaturated-C 5 _7cycloalkenyl, optionally substituted phenyl, 
or an optionally substituted heterocyclic group of sub-formula (aa), (bb) or (cc): 




20 



m 



(aa) (bb) (cc) 

which nl and n2 independently are 1 or 2; and Y is O, S, S0 2 , or NR*; where R 4 is a 
hydrogen atom (H), Ci_ 2 alkyl, Ci_ 2 fluoroalkyl, CH 2 C(0)NH 2 , C(0)NH 2 , 
C(0)-Ci_ 2 alkyl, or C(Q)-Cifluoroal]cyl; 



wherein in R 3 the optionally substituted branched C 3 . 6 alkyl is optionally substituted with 
one or two substituents being oxo (=0), OH, Ci_ 2 alkoxy or Ci_ 2 fluoroalkoxy; and 
25 wherein any such substituent is not substituted at the R 3 carbon atom attached (bonded) 
to the -NH- group of formula (I); 

wherein in R 3 the phenyl is optionally substituted with one substituent being fluoro, 
chloro, Cx^alkyl, Ci_ 2 fluoroalkyl, Ci_ 2 alkoxy, C!_ 2 fluoroalkoxy or cyano, or with two 

30 or three fluoro substituents; 
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wherein in R 3 the C 3 . 8 cycloalkyl or the heterocyclic group of sub-formula (aa), (bb) or 
(cc) is optionally substituted with one or two substituents independently being oxo (=0); 
OH; Ci_ 2 alkoxy; Ci. 2 fluoroalkoxy; NHR 21 wherein R 21 is a hydrogen atom (H) or 
Ci^ straight-chain alkyl; Ci_ 2 alkyl; Ci_ 2 fluoroalkyl; -CH 2 OH; -CH 2 CH 2 OH; 
5 -CH 2 NHR 22 wherein R 22 is H or C^alkyl; -C(0)OR 23 wherein R 23 is H or 

Ci_ 2 alkyl; -C(0)NHR 24 wherein R 24 is H or Ci_ 2 alkyl; -C(0)R 25 wherein R 25 is 
Ci_ 2 alkyl; fluoro; hydroxyimino (=N-OH); or (Ci_4alkoxy)imino (=N-OR 2 6 where R 2 ^ 
is Ci_ 4 alkyl); and wherein any OH, alkoxy, fluoroalkoxy or NHR 21 substituent is not 
substituted at the R 3 ring carbon attached (bonded) to the -NH- group of formula (I) and 
10 is not substituted at either R 3 ring carbon bonded to the Y group of the heterocyclic group 
(aa), (bb) or (cc); 

and wherein, when R 3 is optionally substituted mono-unsaturated-C 5 _7cycloalkenyl, then 
the cycloalkenyl is optionally substituted with one or two substituents independently 
15 being fluoro or Ci_ 2 alkyl provided that if there are two substituents then they are not 
both C 2 alkyl, and the R 3 ring carbon bonded to the -NH- group of formula (D does not 
partake in the cycloalkenyl double bond; 

20 and R 3a is a hydrogen atom (H) or straight-chain Ci_3alkyl; 

provided that when R 3a is Ci_ 3 alkyl then R 3 is tetrahydro-2H-pyran-4-yl, cyclohexyl 
(i.e. unsubstituted), 3-hydroxy-cyclohexyl, 4-oxo-cyclohexyl or 
4-(hydroxyimino)cyclohexyl; 



25 



30 



and wherein Het is of sub-formula (i), (ii), (iii), (iv) or (v): 



11 2 2 ,,,3 v 3 W^=X* W^-X 5 

I > or .J > o, , A > - A' or 



^ «■ or v^V' " V ^ V V 



(i) (ii) ("0 



wherein: 

W 1 , W 2 , W 4 and W 5 is N; and W 3 is NR W ; 



(iv) (v) 



35 



Xl X 3 and X 4 is N or CR* ; X 2 is O, S or NR* ; and X5 is CRX1rX2 or C rX3rX4 ; 
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Y 1 , Y 2 and Y 3 is CR Y or N; Y 4 is O, S or NR Y ; and Y$ is CR Y1 R Y2 ; 

Z 1 and Z 5 is O, S or NR Z ; and Z 2 7? and Z 4 is N or CR Z ; 

wherein: 

RW is a hydrogen atom (H) or Ci_2&lkyi; 

rX^ rX2 ? rY and rY2 independently are: 

a hydrogen atom (H); 
Ci.galkyl; 

C3_6cycloalkyl optionally substituted by one or two Cj^alkyl groups and/or by one 
oxo (=0) group; 

-(CH2) n 2a -C3-6 c y c l oa lkyl optionally substituted, in the -(CH2) n ' 2a ~ moiety or in 
the C3_6cycloalkyl moiety, by a C\ji?^y\ group, or optionally substituted in 

the C3-6cycloalkyl moiety by a -CH2C(0)NHCi^2 a ^ !C yl group* wherein n 2a is 
1,2 or 3; 

-(CH2) n 3 -S(0) 2 -R 5 , -CH(Ci. 2 alkyl)-S(0) 2 -R 5 , -CMe 2 -S(0) 2 -R 5 , or 

C3_5cycloalkyl substituted at the connecting carbon atom by -S(0)2~R^, 
wherein n^ is 1 or 2; 

andR 5 is Ci^alkyl, -NR 15 r!^, phenyl, carbon-linked-pyridinyl or 
benzyl (wherein the phenyl and benzyl are independently optionally 
substituted on the aromatic ring by one or two substituents independently 
being fluoro, chloro, C\j2^kyl 9 Cjfluoroalkyl, C\j2jafik.Gxy, Cjfluoroalkoxy 

or OH, and wherein the pyridinyl is optionally substituted by one methyl, 
methoxy or OH (including any tautomer thereof)); 

wherein R 15 is H, Ci^alkyl, phenyl, benzyl (wherein the phenyl and 

benzyl are independently optionally substituted on the aromatic ring by one or 
two substituents independently being fluoro, chloro, Cij^B^kyh Cifluoroalkyl, 
Ci_2 a ^ ox y or Cifluoroalkoxy), CH(Me)Ph, or carbon-linked-pyridinyl 
optionally substituted by one methyl, methoxy or OH (including any tautomer 
thereof); 

and R 16 is H or C^alkyl; 

or wherein R 15 and R 16 together are »(CH2) n 3a -X 3a -(CH2)n 3b - in which 
n 3 ^ and n^b independently are 2 or 3 and X 3a is a bond, -CH2-, O, or NR^ a 
wherein R^a i s H or Ci^^Yh acetyl, -S(0)2Me or phenyl, and wherein the 
ring formed by NR15r16 j S optionally substituted on a ring carbon by one or 
two substituents independently being methyl or oxo (=0); 
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-(CH 2 ) n 4 -NR 6 R 7 , -CH(Ci_ 2 alkyl)-NR 6 R 7 , -CMe 2 -NR 6 R 7 , or C 3 _ 5 cycloalkyl 

substituted at the connecting carbon atom by -NR 6 R 7 , wherein n 4 is 0, 1, 2 or 

and R 6 and R 7 independently are H, Ci^alkyl, C3_6cycloalkyl, 
-CH2-C3>6cycloalkyl, -C(0)R 17 , -S(0)2R 18 , phenyl, benzyl (wherein the 

phenyl and benzyl are independently optionally substituted on the aromatic 
ring by one or two substituents independently being fluoro, chloro, Ci-2*&yh 
Cifluoroalkyl, C\^2^ ox y or Cifluoroalkoxy), or carbon-linked-pyridinyl 
optionally substituted by one methyl, methoxy or OH (including any tautomer 
thereof); 

and wherein R 17 and R 18 independently are C^aUcyl, C3^6cycloalkyl, 
optionally substituted 5-membered heteroaryl being furyl (furanyl) or 1,3- 
oxazolyl or isoxazolyl or oxadiazolyl or thienyl or 1,3-thiazolyl or isothiazolyl 
or pyrrolyl or imidazolyl or pyrazolyl (all independently optionally substituted 
by one oxo and/or one or two methyl), or phenyl or benzyl (wherein the 
phenyl and benzyl are independently optionally substituted on the aromatic 
ring by one or two substituents independently being fluoro, chloro, C^alkyl, 
Cifluoroalkyl, Ci^alkoxy, Cifluoroalkoxy or OH), or carbon-linked- 
pyridinyl optionally substituted by one methyl, methoxy or OH (including any 
tautomer thereof); 

or R 6 and R 7 together are -(CH2) n 5 -X 5 -(CH2)n 6 - in which n 5 and n 6 
independently are 2 or 3 and X 5 is a bond, -CH2-, O, or NR 8 wherein R 8 is H, 
C\j2aSkyU acetyl, -S(0)2Me or phenyl, and wherein the ring formed by 
NR 6 R 7 is optionally substituted on a ring carbon by one or two substituents 
independently being methyl or oxo (=0); 
-(CH 2 ) n 7 -0-R 9 ; wherein n 7 is 0, 1, 2 or 3 andR 9 is H, Chalky!, C 3 _6cycloalkyl, 
-CH2-C3_6cycloalkyl, -C(0)R 17 , phenyl, or benzyl (wherein the phenyl and 

benzyl are independently optionally substituted on the aromatic ring by one or 
two of fluoro, chloro, C\jidXky\ y Cifluoroalkyl, Ci_2 alkox y or 

Cifluoroalkoxy); wherein n 7 is 0 only when the -(CH2) n 7 -0-R 9 is bonded to 
a carbon atom in the Het ring; and wherein n 7 is not 0 when Het is of sub- 
formula (v) (i.e. n 7 is not 0 for rX 2 and for R Y2 ); 
-(CH 2 ) n 1 ^C^-NRlOR 1 1 , -CH^x^alkyl^C^NRl °R n , 

~CMe2-C(O)-NR 10 R n > or C3_5cycloalkyl substituted at the connecting 
carbon atom by -C^-NR 1 ^ 1 \ wherein n 1 1 is 0, 1 or 2; 

and wherein R 10 and R 1 1 independently are H; C\^2XkyY 9 
Ci-4fluoroalkyl; C2-4alkyl substituted by one OH or -OCi^alkyl other than 
at the connection point; C3_gcycloalkyl optionally substituted by one or two 
methyl groups; -CH2-C3_6cycloalkyl optionally substituted by one methyl, 
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NH2 orNHMe group; -(OH^)n 17 -Het 2 ; carbon-linked-pyridinyl optionally 

substituted by one methyl, methoxy or OH (including any tautomer thereof); 
phenyl; benzyl; or -CH(Ci_2alkyl)Ph [wherein the phenyl, benzyl and 
-CH(Ci_2 a lkyl)Ph are independently optionally substituted on the aromatic 
ring by one or two substituents independently being: fluoro, chloro, 
Ci_2alkyl, Cifluoroalkyl, C^alkoxy, Cifluoroalkoxy, OH, 

-NRl0a R 10b 

(wherein R 10a is H or C^alkyl and R 10b is H, C^alkyl, -C(0)-Ci_2 a lkyl 
or -S(0) 2 -Ci. 2 alkyl), -C(O)-NRl0 c R 10d (wherein R 10c and R 10d 
independently are H or Ci^alkyl), or -S(O)2-R 10e (wherein R 10e is 
Ci^alkyl, NH 2 , NHMe or NMe 2 )]; 

wherein n 17 is 0, 1 or 2 and wherein Het 2 is a 4-, 5- or 6- membered 
saturated heterocyclic ring containing one O or S ring atom or one NR 27 ring 
group wherein R 27 is H, Ci^alkyl, -C(0)Me, or -S(0)2Me, wherein the Het 2 
ring is optionally substituted on a ring carbon by one or two substituents 
independently being methyl or qxo (=0); 

and wherein when n 17 is 2 then the Het 2 ring can optionally contain one 
additional ring N atom at the Het 2 ring position bonded to the -(CH2) n 17 - 
moiety; provided that, when Het 2 contains one O or S or NR 27 ring 
atom/group and one additional ring N atom, then the O/S/NR 27 ring 
atom/group and the one additional ring N atom are not directly bonded to each 
other, and are separated by more than one carbon atom; 

or R 10 and R 1 1 together are -(CH2) n 8 -X 6 -(CH2)n 9 - in which n 8 and n 9 
independently are 2 or 3 and X 6 is a bond, -CH2-, O, or NR 12 wherein R 12 is 
H, Ci-2alkyl> acetyl, -S(0)2Me or phenyl, and wherein the ring formed by 
NrIOrI 1 i s optionally substituted on a ring carbon by one or two substituents 
independently being methyl or oxo 0=O); 
-(CH2) n 12 -C(0)-OR 13 wherein n 12 is 0, 1 or 2; and wherein R 13 is H, Ci_6alkyl, 
C3_6cycloalkyl, -CH2-C3_6cycloalkyl, phenyl, or benzyl (wherein the phenyl 

and benzyl are independently optionally substituted on the aromatic ring by 
one or two of (independently) fluoro, chloro, C^alkyl, Cifluoroalkyl, 

Ci_2 alkox y or Cifluoroalkoxy); 
-(CH2)n 13 -C(0)-R 13a wherein n 13 is 0, 1 or 2; and wherein R 13a is a hydrogen 
atom (H), Ci_6alkyl, Ci^Auoroalkyl, Cs^cycloalkyl, -CH 2 -C3_6cycloalkyl, 
benzyl, or phenyl; wherein the phenyl and benzyl are independently optionally 
substituted on the aromatic ring by one or two of (independently) fluoro, 
chloro, Ci_2alkyl, Cifluoroalkyl, C^alkoxy or Cifluoroalkoxy; 

-(CH 2 )n 14 ~Het 1 , -CH^i^alky^-Het 1 , -CMe 2 -Hetl, or C3_5cycloalkyl 

substituted at the connecting carbon atom by Het 1 , wherein n 14 is 0, 1 or 2 
and wherein Het 1 is a 4-, 5-, 6- or 7-membered saturated heterocyclic ring; 
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wherein said heterocyclic ringHet 1 contains one O or S ring atom and/or 
one NR 14 ring group wherein R 14 is H, Ci_4alkyl, C3_6cycloalkyl, benzyl, 

phenyl, -C(0)R 19 or-S(0) 2 R 19 ; 

wherein R 19 , independent of any other R 19 , is Cx^alkyl, C3_6cycloalkyl, 
5 thienyl, furyl (furanyl), or phenyl or benzyl; wherein the phenyl and benzyl 

are independently optionally substituted by one or two of (independently) 
fluoro, methyl or methoxy; 

and wherein said heterocyclic ring Het 1 is optionally substituted (at a 
position or positions other than any NR 14 position) by one or two oxo (=0) 
10 and/or one Ci^alkyl substituents; 

provided mat, when the heterocyclic ring Het 1 contains one O or S ring 
atom and one NR 14 ring group then: (a) the O/S ring atom and the NR 14 ring 
group are not directly bonded to each other, and (b) the O/S ring atom and the 
NR 14 ring group are separated by more than one carbon atom unless Het 1 
1 5 contains an -NR 14 -C(0)-0- or -NR 14 -C(0)-S- moiety as part of the ring; or 

-(CH2)n 10 -Ar, -CH(Ci_2alkyl)-Ar, -CMe2-Ar, or C3_5cycloalkyl substituted at the 
connecting carbon atom by Ar, wherein n 10 is 0, 1 or 2 and 

(i) Ar is phenyl optionally substituted by one or two substituents 
independently being fluoro, chloro, bromo, Ci_2alkyl, Ci^fluoroalkyl, 

20 Ci_ 2 alkoxy, Ci_ 2 fluoroalkoxy, OH, -NR lla R llb (wherein R lla is H or 

Ci_ 2 alkyl and R llb is H, Ci_ 2 alkyl, -C(0)-Ci_ 2 alkyl or -S(0)2-Ci_ 2 alkyl), 
cyano, -C^-NR 1 lc R l ld (wherein R 1 lc and R 1 ld independently are H or 
Ci_ 2 alkyl), -C(0)-OR lle whereinR lle is H or Ci_ 2 allcyl, or -S(0) 2 -R llf 
(wherein R 1 lf is Ci^alkyl, NH 2 , NHMe or NMe2); or the phenyl Ax is 

25 optionally substituted at two adjacent Ar ring atoms by the two ends of a chain 

which is: -(CH 2 )4-> -(CH2)3-, or -CH=CH-CH=CH-; or 

(ii) Ar is an optionally substituted 5- or 6-membered heterocyclic aromatic 
ring containing 1, 2, 3 or 4 heteroatoms selected from O, N or S; and wherein 
when the heterocyclic aromatic ring Ar contains 2, 3 or 4 heteroatoms, one is 

30 selected from O, N and S and the remaining heteroatom(s) are N; and wherein 

the heterocyclic aromatic ring Ar is optionally substituted by one or two 
groups independently being Ci^alkyl or OH (including any keto tautomer of 
an OH-substituted aromatic ring), or the heterocyclic aromatic ring Ar is 
optionally substituted at two adjacent Ar ring atoms by the two ends of a chain 

35 which is: -(CH 2 ) 4 -> -(CH^-, OT -CH=CH-CH=CH-; 



RX1 andRYl independently are a hydrogen atom (H), Ci_ 2 alkyl or Cifluoroalkyl; 
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RX3 and R* 4 together are -(CH 2 )n 15 -X 7 -(CH 2 )n 16 - wherein n 15 and n*6 
independently are 1 or 2 and X 7 is a bond, -CH2-, O, or NR X5 wherein R X5 is H, 
Ci _2alkyl, acetyl or -S(0)2Me; and 

5 R z is a hydrogen atom (H) or C1 _2alkyl, 

provided that: 

when R 3 is the heterocychc group of sub-formula (bb), n 1 is 1, and Y is NR 4 , then R 4 is 
not Ci_ 2 alkyl, Ci_ 2 fluoroalkyl or CH 2 C(0)NH 2 . 



10 



2. A compound of formula (IA) or a salt thereof: 




15 

wherein: 

R 1 is Ci_4alkyl, Ci_3fluoroalkyl or -(CH 2 )20H; 

20 R 2 is a hydrogen atom (H), methyl or C 1 fluoroalkyl; 

r3 is optionally substituted branched C3_6alkyl, optionally substituted C3_8cycloalkyl, 
optionally substituted phenyl, or an optionally substituted heterocyclic group of sub- 
formula (aa), (bb) or (cc): 




or 




25 (aa) (bb) (cc) 

in which n 1 and n 2 independently are 1 or 2; and Y is O, S, SO2, or NR 4 ; where R 4 is a 
hydrogen atom (H), Ci. 2 alkyl, Ci. 2 fluoroalkyl, CH 2 C(0)NH 2 , C(0)NH 2 > 
C(0)-C 1 _2alkyl, or C(0)-C 1 fluoroalkyl; 
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wherein in R 3 the optionally substituted branched C 3 _ 6 alkyl is optionally substituted with 
one or two substituents being oxo (=0), OH, C 1 _ 2 alkoxy or C^fiuoroalkoxy; and 
wherein any such substituent is not substituted at the R 3 carbon atom attached (bonded) 
to the -NH- group of formula (IA); 

5 

wherein in R 3 the phenyl is optionally substituted with one substituent bemg fluoro, 
chloro, Ci_ 2 alkyl, Ci_ 2 fluoroalkyl, Ci_ 2 alkoxy, Ci_ 2 fluoroalkoxy or cyano; 

wherein in R 3 the C 3 .8cycloalkyl or the heterocyclic group of sub-formula (aa), (bb) or 

1 0 (cc) is optionally substituted with one or two substituents being oxo (=0), OH, 
Ci_ 2 alkoxy, Ci_ 2 fluoroalkoxy, or C^ancyl; and wherein any OH, alkoxy or 
fluoroalkoxy substituent is not substituted at the R 3 ring carbon attached (bonded) to the 
-NH- group of formula (IA) and is not substituted at either R 3 ring carbon bonded to the 
Y group of the heterocyclic group (aa), (bb) or (cc); 



15 



and wherein Het is of sub-formula (i), (ii), (iii), (iv) or (v): 



w— X 4 W— X 5 

(iv) (v) 



w L_vi W 2 -X 2 W 3 -xf Y\ II \* 



(i) (ii) ('«) 

20 wherein: 

W 1 , W 2 , W 4 and W 5 is N; and W 3 is NR W ; 

X 1 , X 3 and X 4 is N or CR X ; X 2 is O, S or NR* ; and X$ is CRX1rX2 ; 
25 Y 1 , Y 2 and Y 3 is CR Y or N; Y 4 is O, S or NR Y ; and Y$ is CR Y1 R Y2 ; 
Z 1 and Z5 is O, S or NR Z ; and Z 2 , Z 3 and Z* is N or CR Z ; 
wherein: 

30 R w is a hydrogen atom (H) or Ci_ 2 alkyl; 

rX j rX2 s rY and rY2 independently are: 

a hydrogen atom (H); 
Ci_ 8 alkyl; 

35 C3.6cycloallsyl optionally substituted by a Ci_ 2 alkyl group; 
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-(CH 2 ) n 2a -c 3 _ 6 cycioaikyi op tionall y substituted, in the -(CH 2 ) n 2a - moiet y or in 

the C 3 . 6 cycloalkyl moiety, by a Ci_ 2 alkyl group, wherein n 2a is 1, 2 or 3; 
_ (CH2)n 3_s0 2 -R 5 wherein n 3 is 1 or 2 and R* is Ci_ 3 alkyl or -NH-Ci_ 2 alkyl or 

phenyl; „ 
-(CHo)„ 4 -NR6R 7 wherein n 4 is 0, 1, 2 or 3, and R6 and R? independently are H, 
d 6 alkyl, C 3 . 6 cycloalkyl, -CH 2 -C 3 - 6 cycloalkyl, -C(0)-Ci. 2 alkyl, -S0 2 -C!_ 
2 alkyl, phenyl, or benzyl (wherein the phenyl or benzyl are independently 
optionally substituted on the aromatic ring by one of fluoro, chloro, Ci_ 2 alkyl, 
Cxfluoroalkyl, C 1 _ 2 alkoxy or Cxfluoroalkoxy); or R* andR? together are 
-(CH 2 ) n 5 -X 5 -(CH 2 ) n 6 - in which n 5 and n 6 independently are 2 or 3 and X 5 
is a bond, -CH 2 -, O, or NR 8 wherein R 8 is H or Ci_ 2 alkyl; 
-(CH 2 )x7-0-RQ; wherein n 7 is 0, 1, 2 or 3 and R9 is H or Ci_ 6 alkyl; wherein tJ is 
0 only when the -(CH^-O-R* is bonded to a carbon atom in the Het ring; 
and wherein n? is not 0 when Het is of sub-formula (v) (i.e. n? is not 0 for 

RX2andforR Y2 ); 
C(O)-NR 10 R u whereinR 10 andR 11 independently areH, Ci_6alkyl, 

C 3 . 6 cycloalkyl, -CH 2 -C 3 . 6 cycloalkyl, phenyl, or benzyl (wherein the phenyl 
or benzyl are independently optionally substituted on the aromatic ring by one 
chloro, Ci^alkyl, Cxfluoroalkyl, C^alkoxy or Cl fluoroalkoxy); 

or RlO and Rl 1 together are -(CH^S-X^CH^- in which n 8 and n^ 
independently are 2 or 3 and X* is a bond, -CH 2 -, O, or NRl* wherein Rl2 is 
H or Ci_ 2 alkyl; 

-C(0)-ORl 3 w hereinRl3 is H , Ci. 6 alkyl, C 3 _ 6 cycloalkyl, -CH 2 -C 3 . 6 cycloalkyl, 
phenyl, or benzyl (wherein the phenyl or benzyl are independentiy optionally 
substituted on the aromatic ring by one of fluoro, chloro, Ci_ 2 alkyl, 
Cifluoroalkyl, Ci_ 2 alkoxy or Clfluoroalkoxy); 
C(OVR 13a wherein R* 3a is a hydrogen atom (H), Ci_ 6 alkyl, Ci. 2 fluoroalkyl, 
C 3 6 cycloalkyl, -CH 2 -C 3 „ 6 cycloalkyl, benzyl, or phenyl; wherein the phenyl 
or benzyl are independently optionally substituted on the aromatic ring by one 
of S, chloro, Cx^alkyl, Cl fluoroalkyl, Cl . 2 alkoxy or Clfluoroalkoxy; 

a 4 5-6- or 7-membered saturated heterocyclic ring containing one O ring atom or 
' one NR* 4 ring group wherein R* 4 is H or Cx_ 4 alkyl, said heterocyclic ring 
being optionally substituted (at aposition or positions other than any NR* 4 
position) by one oxo (=0) and/or one Ci_ 4 alkyl substituent; or 

-(CH 2 ) n 10 -Ar wherein n*° is 0, 1 or 2 and 

<T> Ar is phenyl optionally substituted by one or two substituents being fluoro, 
chloro, cUalkyl, Cxfluoroalkyl, Cx_ 2 alkoxy, Ci_ 2 fluoroalkoxy or cyano; 



or 
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(ii) Ar is an optionally substituted 5- or 6-membered heterocyclic aromatic 
ring containing 1, 2 or 3 heteroatoms selected from O, N or S; and wherein 
when the heterocyclic aromatic ring Ar contains 2 or 3 heteroatoms, one is 
selected from O, N and S and the remaining heteroatom(s) are N; and wherein 
5 the heterocyclic aromatic ring Ar is optionally substituted by one or two 

Ci_4alkyl groups; 

RX1 andR Y1 independently are a hydrogen atom (H), Ci_ 2 alkyl or Cifluoroalkyl; and 
10 R z is a hydrogen atom (H) or Ci_2alkyl; 

provided that, when R 3 is the heterocyclic group of sub-formula (bb), n 1 is 1 , and Y is 
NR 4 , then R 4 is not Ci_ 2 alkyl, Cifluoroalkyl or CH 2 C(0)NH 2 . 

15 

3. A compound or salt as claimed in claim 1 , wherein R 3a is a hydrogen atom (H). 

4. A compound or salt as claimed in claim 1, 2 or 3, wherein R 2 is a hydrogen atom 
(H) or methyl. 

20 

5. A compound or salt as claimed in claim 1, 2, 3 or 4, wherein R 1 is Ci_3alkyl, 
Ci_2fluoroalkyl or -CH 2 CH 2 OH. 

6. A compound or salt as claimed in any preceding claim, wherein R 1 is ethyl, 
25 n-propyl, C 2 fluoroalkyl or -CH 2 CH 2 OH. 

7. A compound or salt as claimed in any preceding claim, wherein R 1 is ethyl. 

8. A compound or salt as claimed in any preceding claim, wherein in R 3 there is one 
30 substituent or no substituent. 

9. A compound or salt as claimed in any preceding claim, wherein, where R 3 is 
optionally substituted branched C 3 _6alkyl, then R 3 is isobutyl, sec-butyl, t-butyl or 3- 
methylbutan-2-yl. 

35 ^ • 

10. A compound or salt as claimed in any preceding claim, wherein, when R^> is 

optionally substituted phenyl, then the phenyl is optionally substituted with one 
substituent being fluoro, Cialkyl, Cifluoroalkyl, Cialkoxy, or Cifluoroalkoxy. 

40 11. A compound or salt as claimed in any preceding claim, wherein, where R 3 is 

optionally substituted C 3 _8cycloalkyl, then R 3 is optionally substituted C 6 _8cycloalkyl. 
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12. A compound or salt as claimed in claim 1 1 , wherein, where R 3 is optionally 
substituted C3_gcycloalkyl, thenR 3 is optionally substituted cyclohexyl. 

13. A compound or salt as claimed in any preceding claim, wherein, where R 3 is 
optionally substituted C3-8cycloalkyl, then the one or two optional substituents is or 
independently are: oxo (=0); OH; NHR 21 wherein R 21 is a hydrogen atom (H); methyl; 
-CH2F; -CHF2; -C(0)OR 23 wherein R 23 is H; fluoro; hydroxyimino (=N-OH); or 
(C 1 _ 2 alkoxy)imino (=N-OR 26 where R 2 ^ is C^alkyl). 



10 



14. A compound or salt as claimed in any preceding claim, wherein, where R 3 is 
^ optionally substituted Cs.gcycloalkyl, then the one or two optional substituents is or 

* independently are OH, oxo (=0) or hydroxyimino (=N-OH). 

15 15 A compound or salt as claimed in any preceding claim, wherein, where R 3 is 

optionally substituted C 3 _8cycloalkyl, then the one or two optional substituents if present 
is or are substituent(s) at the 3-, 4- or 5- position(s) of the R 3 cycloalkyl ring, (wherein 
the 1-position of the R 3 cycloalkyl ring is deemed to be the connection point to the -1SIH- 
in formula (I) or (IA) or (IB)). 

20 - 3 • 

16. A compound or salt as claimed in any preceding claim, wherein, where R is 

optionally substituted Cgcycloalkyl, then R 3 is cyclohexyl (i.e. unsubstituted), 3- 
hydroxy-cyclohexyl (i.e. 3-hydroxycyclohexan-l-yl), 4-oxo-cyclohexyl (i.e. 4- 
oxocyclohexan-l-yl), 4-(hydroxyimino)cyclohexyl (i.e. 4-(hydroxyimino)cyclohexan-l- 
25 yl), 4-(Ci_2alkoxyimino)cyclohexyl, 1-methylcyclohexyl or 3-methylcyclohexyl. 

'tf 17. A compound or salt as claimed in any preceding claim, wherein, where R 3 is 

optionally substituted mono-unsaturated-C5_7cycloalkenyl, then R 3 is optionally 
substituted mono-unsaturated-C6cycloalkenyl (i.e. optionally substituted 
30 mono-unsaturated-cyclohexenyl), and wherein the R 3 cycloalkenyl is optionally 
substituted with one or two substituents independently being fluoro or methyl. 

18. A compound or salt as claimed in any preceding claim, wherein R 4 is a hydrogen 
atom (H) or C(0)-Me. 

35 , 

19. A compound or salt as claimed in any preceding claim, wherein, where R 5 is the 

heterocyclic group of sub-formula (aa), (bb) or (cc), then Y is O. 

20. A compound or salt as claimed in any preceding claim, wherein where R 3 is the 
40 heterocyclic group of sub-formula (aa), (bb) or (cc), then R 3 is the heterocyclic group of 

sub-formula (bb) and n 1 is 1. 
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21. A compound or salt as claimed in any preceding claim, wherein, in R 3 , the 
heterocyclic group of sub-formula (aa), (bb) or (cc) is unsubstituted (wherein, where Y is 
NR 4 , R 4 is not classified as a substituent). 

5 

22. A compound or salt as claimed in any of claims 1 to 20, wherein, in the R 3 
heterocyclic group of sub-formula (aa), (bb) or (cc), the one or two optional substituents. 
is or are oxo (=0). 

10 23. A compound or salt as claimed in any preceding claim, wherein 

when R 3 is the heterocyclic group of sub-formula (aa), then Y is not NR 4 , and 
when R 3 is the heterocyclic group of sub-formula (bb) and Y is NR 4 , then R 4 is 
not Ci -2alkyl> Ci^Auoroalkyl or CH2C(0)NH2. 

15 24. A compound or salt as claimed in any preceding claim, wherein NHR 3 or 

NR 3 R 3 *is of sub-formula (a), (al), (b), (c), (c 1), (c 2), (c 3), (c 4), (c 5), (d), (e), (f), (g), 
(gl), (g2), (g3), (g4), (h), (hi), (i), G), (k), (kl), (L), (m), (ml), (m2), (m3), (mS), (n), (o), 
(ol), (o2), (o3), (o4), (o5), (p), (p2), (p3), (p5), (p6), (p7), (p8), (q), (r), (s), (t), (tl) or 
(t2): 

20 
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25 A compound or salt as claimed in claim 24, wherein HERS or NR.3R.3a is of sub- 
formula (c), (ol), (c 4), (c 5), (h), (i), 0), (k), (ml), (m2), (n), (o), (o2), (o3), (p2), (p5), 
(p6),(r),(s)or(tl). 

26. A compound or salt as claimed in claim 24, wherein NHR.3 or NR3r3 a is of sub- 
formula (c), (h), (k), (n), (o), (o2) or (s). 

27 A compound or salt as claimed in claim 24, wherein NHR3 or NR3 R 3a is of sub- 
formula (a), (b), (c), (d), (e), (f), (g), (h), (i), G), (k), (L), (m), (n), (o), (p), (q), (r), (s) or 
(t)- 

28. A compound or salt as claimed in claim 24, wherein R.3 is tetrahydro-2H-pyran-4- 
yl; that is NHR 3 or NR 3 R3a is of sub-formula (h). 

29. A compound or salt as claimed in any preceding claim, wherein Het is of sub- , 
formula (i),(ii) or (v). 



30. 



A compound or salt as claimed in claim 29, wherein Zl and Z 5 are O. 



31. A compound or salt as claimed in claim 29 or 30, wherein Het is of sub-formula 
(ia), (ib), (ic), (id), (ie), (if), (ig), (va), (vb) or (ha): 
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R x 



(ia) 



N_ — In 



N — N 

R' \^ 




s 



(ib) Oc) 



R x 




(id) 




R Z « 



(if) 



(ig) 



,xi R 




— o 



,Y2 \ N 



O R' 
(va) 



(vb) 



(Ha) 



32. A compound or salt as claimed in claim 31, wherein Het is of sub-formula (ia), 

(ib) , (ic), (id), (if), (ig), (va) or (iia). 

5 33. Acompoundorsaltasclaimedmclaim31,wheremHetisofsub-formula(ia), 

(ic) , (id) or (va). 

34. A compound or salt as claimed in any preceding claim, wherein R W and RZ are a 
1 0 hydrogen atom (H). 

35 A compound or salt as claimed in any preceding claim, wherein for the Het group, 
one of RX and R Y (or R*2 and R Y2 ) is as defined herein and the other of R* and R* 
(or RX2 and R Y2 ) is a hydrogen atom (H). 

1 5 36. A compound or salt as claimed in any preceding claim, wherein R* RX 2 R Y 
and R Y2 independently are: 
a hydrogen atom (H); 
Ci.saUcyl; 

20 optionally substituted C3_6cycloalkyl; 

optionally substituted -(CH2) n 2a -C 3 _6cycloalkyl; 
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. (C H 2 ) n 3-S(0) 2 -R 5 , -CH(Me)-S(0) 2 -R 5 , or C 3 cycloalkyl substituted at the 

connecting carbon atom by -S(0)2-R 5 ; 
-(CH 2 ) n 4 -NR 6 R 7 or -CH(Me)-NR.6R 7 ; 
-(CH 2 ) n 7-0-R9; 

^CH 2 )n 11 - c ( o > NRl0Rl1 or -CHCMeVCCOVNRlOR 11 ; 

-(CH 2 )n 12 -C(0)-OR 13 ; 

-(CH 2 ) n l 3 -C(0)-Rl 3a ; 

-(CH 2 ) n 14 -Hetl or -CH(Me)-Hetl . or 

-(CH 2 ) n . 1() - Ar or -CH(Me)-Ar. 

37. A compound or salt as claimed in any preceding claim, wherein one of R* and 
RY and for Het of sub-formula (v) one of RX 2 and RY2 is: 

-(CH 2W LNR6R7, jcB^yxu&J, -{CU 2 )n n -C{Oym.^K -(CH 2 )„^-Hetl, or 
-(CH^iO-Ar. 

38. A compound or salt as claimed in any preceding claim, wherein R X , R* 2 , R Y 
and RY2 independently are: 

Ci_6alkyl; 

optionally substituted C3_6cycloalkyl; 

-(CH 2 ) n 2a -C 3 . 6 cycloalkyl optionally substituted by a Ci_ 2 alkyl group; wherein 



n 



t^ais 1; 



-CCH 2 ) n 3 -S(0)2-R 5 or C 3 cycloalkyl substimted at the connecting carbon atom by 
-S(0) 2 -Ph, wherein n 3 is 1 and R* is C^alkyl, -NR* 5r16 optionally substituted 
phenyl or optionally substituted benzyl; wherein R l° is H or methyl and Rl5 is H, 
Ci 4 alkyl or optionally substituted phenyl; or R* 5 and R*° together are 
. (CH2)n 3a_ X 3a.(CH 2 ) n 3b - wherein n 3 * and n 3 *> are 2 and X 3 * is a bond, -CH 2 -, O, or 
NR8a wherein is Ci_ 2 alkyl or acetyl; and the ring formed by NR^R 16 is not 
substituted on a ring carbon or is substituted on a ring carbon by one methyl or oxo (=0) 
substituent; 

-(CH 2 ) n 4 -NR 6 R 7 , -CH(Me)-NR 6 R 7 or -CMe 2 -NR 6 R 7 wherein n 4 is 0 (when the 
-(CH 2 ) n 4 -NR 6 R 7 is bonded to a carbon atom in the Het ring) or wherein n 4 is 1 ; and 
wherein R° is H or C^alkyl and R 7 is H, C^alkyl, -C(0)Rl 7 or -S(0) 2 Rl8; or R6 
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and R 7 together are <CH2) n 5 -X 5 -(CH2) n 6 - in which n 5 and n 6 are 2 and X 5 is a bond, 
-CH2-, O, or NR 8 , and wherein the ring formed by NR6r7 j s no t substituted on a ring 
carbon or is substituted on a ring carbon by one methyl or oxo (=0) substituent; 

5 -(CH2)n 7 -0- R9 > wherein n 7 is 1 or 2 and R 9 is H, C i^alkyl or phenyl; 

-(CH2)n 11 -C(O)-NR 10 R 11 , -CH(Me)-C(O)-NR 10 R 11 or 
-CMe2-C(O)-NR 10 R 11 > wherein n 11 is 0 or i, 
and R 10 is H or Ci_6alkyl, 
10 and R* 1 is: H; Ci^alkyl; C3^gcycloalkyl optionally substituted by one or two 

^ methyl groups; -CH2-C3_6cycloalkyl (unsubstituted); -(CH2) n 17 ~Het 2 ; optionally 

""') substituted carbon-linked-pyridinyl; optionally substituted phenyl, optionally substituted 

benzyl; or optionally substituted -CH(Ci_2 a lkyl)Ph; wherein the phenyl, the benzyl and 
the -CH(CiJ2B3kyiyPh are independently optionally substituted on the aromatic ring by 
15 one or two substituents independently being: fluoro, chloro„ Ci_2 a ^ c yl> Cifliioroalkyl, 
Ci^alkoxy, Cifluoroalkoxy, -NR 10a R 10b (wherein R 10a is H or methyl and R 10b is H, 
Ci_ 2 alkyl, -C(0)Me or -S(0)2Me), -C(O)-NR 10c R 10d (wherein R 10c and R 10d 

independently are H or Ci^alkyl), or -S(O) 2 -R 10e (wherein R 10e is Ci_ 2 alkyl, NH 2 , 
NHMe or NMe2); and wherein the carbon-linked-pyridinyl is preferably optionally 
20 substituted by one OH (including any keto tautomer thereof); 

or R 1 0 and R 1 1 together are -(CH 2 ) n 8 -X6-(CH 2 )n 9 - in which n 8 and n 9 are 2 
and X 6 is a bond, -CH2-, O, or NR 12 ; , and wherein the ring formed by NR^R 1 1 is not 
substituted on a ring carbon or is substituted on a ring carbon by one methyl or oxo (=0) 
k substituent; 



25 



-(CH 2 )n 12 «C(0)-OR 13 , wherein n 12 is 0 or 1, andR 13 is H or Chalky!; 



-(CH2) n 13 "C(0)-R 13a > n 13 is 0 or 1, andR 13a is Ci^^kyh Ci^Auoroalkyl, 
C3_6cycloalkyl, -CH2-C3_6 c ycloalkyl, benzyl, or phenyl (wherein the phenyl and benzyl 
30 are independently optionally substituted on the aromatic ring by one of fluoro, chloro, 
C\j2^Ay Cifluoroalkyl, Ci_2 alkox y OT Cifluoroalkoxy); 

-(CH 2 ) n 14 - Hetl > -CH(Me)-Het 1 , or -CMe 2 -Het 1 , wherein n 14 is 0 or 1, and Het 1 
is 4-, 5- or 6-membered heterocyclic ring, and R 14 is Ci^alkyl, C(0)R 19 or S(0)2R 19 
35 wherein R 19 is Chalky!, C3_6cycloalkyl, 2-thienyl, furan-2-yl, phenyl (unsubstituted) 
or benzyl (unsubstituted); 

or 
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-(CH2)n 10 -Ar wherein n 10 is 0 or 1. 

39. A compound or salt as claimed in any preceding claim, which is: 
NCvcWalyl-l^yl-S^-memyl-l^^^ 

5 T.rSyl-rl(«u^^ 

^j^p^l-S^nlim^^ ■ 
^yl.5<5-isopropy^ . 

^S^utyl-5^-Lpropyl-l,3,4^xadiazol-2-yl)^ 

N-tyclohexyl-l^myl-5-(5-memyl-l,3,4-oxadiazoi-^^ 
;5 ,^ryl-5-<5-m=*yl-l,3,4-oxa^ 

Si 3 4-oxaaiazol-2-yI)-N^ycl^^^ 
35 SW^W^^^ 

40 iSTyts^^ 
b]pyridin-4-amine, 
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l-Ethyl-N-isobutyl-5-{5-[(methy^^^ 

b]pyridin-4-amine, 

N-[(1S)-I>dime&ylprapyl]-1^ 

pyrazolo[3,4-b]pyridm-4-amine, ^ 

N-[(lR)-l,2-dimemylpropyl]-l-e^^ 

pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-(3-methyl-l,2,4K>xadiazol-5-yl)-N-tetrahydro-2H-pyran-4-yl-lH-p^ 
b]pyridin-4-amine, 

l-Ethyl-5-[3-(methoxymethyl)-l,2,4^xadiazol-5-yl]-N-tetrahydro-2H-pyran^^^ 
pyrazolo[3,4-b]pyridin-4-amine, 

5 .{3-[(Dimethylanimo)mefhyl]-l,2,4-oxadiazol-5-yl}-l-ethyl-N-te 
pyrazolo[3 ,4-b]pyridin-4-amine, 

l-Ethyl-5-[3-(morphoUn-4-ylmetbyl)-l,2,4-oxadiazol-5-yl]-N-tetrahy<fro-2H 

pyra2»loL3,4-b]pyridin-4-amine, 
5^5-Cy C lopropyl-l,3,4-oxadiazol-2-yl)-l-^^^ 
b]pyridin-4-amine, 
N-(l-Acetylpiperidin-4-yl)-l-^^ 

4- amine, 

l-Ethyl-5-[5-(3-mefhyloxetan-3-yl)-13,4-oxadiazol-2-yl]-N-tetrahydro-2H-pyran 
pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-{5-[(4-meihylpiperazin-l-yl)m e thyl3-13,4-oxadiazol^ 
yl-lH-pyrazolo[3,4-b]pyridin-4-amine, 

5- [l-Ethyl-4-(tetrahy<fro-2H-pyr^^ 
l,3,4-oxadiazole-2-carboxanride, 

4_{5-[l-Ethyl-4-(tetraby<ko-2H-pyran-4-ylainino)-lH-py^ 

oxadiazol-2-yl}-l-methylpyrroUdin-2-one, 

l-Ethyl-N-teti^ydro-2^^ 

pyrazoloP^-blpyridin-^amine, , 

l-Ethyl-5-[5-(morpholin^-ylm^^ 
pyrazolo[3,4-b]pyridin-4-amine, 
5-[5<Tert-bu1x>xymemy^^ 
pyrazolo[3,4-b]pyridin-4-atnine, or 
methyl 2-[l-ethyl-4-(tetrahydro-^ 
oxazole-4-carboxylate; 



or a salt thereof. 



40. A compound or salt as claimed in any of claims 1 to 38, which is: 

Methyl 2-[l-e&yl-4-(tetrahy<fro^ 
4,5-dihydro-l,3-oxazole-4-carboxylate, 
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l-Ethyl-5-(4-methyl-4,5-dihydro^ 
pyrazolo[3,4-ft]pyricUn-4-amine, 

l-(n-Propyl)-5-(5-metiiyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro 
pyrazolo[3,4-b]pyridin-4-amine, 
5 1 -Efhyl-5-[5-(tetrahydrofiiran-2-yl)- 1 ,3 ,4-oxadiazol-2-yl]-N-(tetrahydro-2H-pyran-4-yl)- 
lH-pyrazolo[3,4-b]pyridin-4-amine, 

1 -Ethyl-5-[5-(dimethylamino)- 1 ,3,4-oxadiazol-2-yl] -N-(tetrahydro-2H-pyran-4-yl)- 1H- 
pyrazolotS^-bjpyridin^-amine, 
1 -Ethyl-5-(5-methyl- 1 ,2^ 
10 b]pyridin-4-a3cnine, 

N-(l-Acetylpiperidin-4-yl)-l-e&^ 
b]pyridin-4-amine, or 
N-(l-Acetylpiperidin-4-yl)-l-ethyl-5-^ 
lH-pyrazolo[3,4-b]pyridin-4-amine; 



15 



20 



or a salt thereof. 



41. A compound or salt as claimed in any of claims 1 to 38, which is: 



l-Ethyl-5-[(4R)-4-phenyl-4,5-dihydro-l ,3-oxazol-2-yl]-N-(tetrahydro-2H-pyran-4-yl)- 

lH-pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-[(4S)^phenyl-4,S-dihyd^ 

lH-pyrazolo[3,4-b]pyridin-4-amine, 
25 l-Ethyl-5-[(4S)-4-(phenylmeth^^ 

4-yl)-lH-pyrazolo[3,4-b]pyridin-4-arnine > 

l~Ethyl-5-[(4R)-4-(phenylmefr^^ 
0 4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine > 
J l-Ethyl-5-[(4S,5R)-5-methyl-4-pte 

30 pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-[(5R)-5-phenyl-4,5-dihy^^ 

lH-pyrazolo[3,4-b]pyridin-4-amine, 

1- Elhyl-5-[(5S)-5-phenyl^ 
lH-pyrazolo[3,4-t)]pyridin-4-amine, 

35 5-(4,4-Dimethyl-4,5-dihydro-l ,3-oxazol-2-yl)-l -ethyl-N-(tetrahydro-2H-pyran-4-yl)-lH- 
pyrazolo[3,4-b]pyridin-4-amine, 

2- [ 1 -Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo [3,4~b]pyridin-5-yl]- 1 ,3 - 
oxazole-4-carboxylic acid, 

2-[l-Etiiyl-4-(tetrahydr^ 
40 methylethyl)- 1 ^-oxazole^carboxamide, 
l-Ethyl-5-[4-(4-morpholinylcarbon^ 
lH-pyrazolo[3,4-b]pyridin-4-aiiiine, 
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l-Efcyl-N-mettiyl-5<5-^^ 

pyrazolo[3,4-b]pyridin-4-amine, ro , ■ A - A 

fra»5-4-{[l-Ethyl-5-(5-methyl-l > 3 > 4-oxadiazol-2-yl)-lH-pyrazolo[3 > 4-b]pyndin-^^ 

yl]amino}cyclohexanol, 

l-Ethyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro-2H-pyran-3-yl)-lH- 
pyrazolo[3,4-b]pyridin-4-amme, 

4- {[l-Ethyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo[3,4-b]pyndui-4- 

vllamino}cyclohexanone, 
lEthyl-5-(5-methyl-U,4-oxa^ 

pyrazolo[3,4-b]pyridin-4-amine, , ^ T ^ 0 tt 

5_[5-(l,l-Dimethylethy^ 

pyran-iyl)-lH-pyrazolo[3,4-b]pyridin-4-ainiiie, 

lWl-6-methyl-N-(tetrahydro-2H-pyran-4-yl)-5-[5-(tetrahy^ 

oxadiazol-2-yl]-lH-pyrazolo[3,4-b]pyridin-4-amine, 

5 .(5-C^lobutyl-l,3,4-oxadiazol-2-yl)-l-ettiyl-N-(tetrahy^^ 

pyrazolo[3,4-b]pyridin-4-amine, i_n • j- < ,n 1 * a 

5- {5-[l-Ethyl-4-(tetrahydro^ 
oxadiazol-2-yl}-2-pyrroUdinone, 
N - ({ 5-[l-Efhyl-4-(tetrahyd^^ 

1 3 4-oxadiazol-2-yl}methyl)acetamide, 
lW5-[5-(l-me4l-2-piperidinyl)-13,4K>xad^ 

yl)-lH-pyrazolo[3,4-b]pyridin-4-amine, ^ nM 

l-Ethyl-5-{5-[(4-methyM^^ ) 

(tetrahydro-2H-pyran^ 
3-{5-[l-Ethyl-4Ktetr^ydio-2H-pyran-4-ylan^ 

oxadiazol-2-yl}cyclopentanone, 

l-Ethyl-5-[5-(t^ 

(4S) £{5-[l 

1 3 4-oxadiazol-2-yl}-l,3-thiazolidin-2-one, „ 

5:[5-(2>DimethyLycloprop y l)-l,3,4-oxadiazol^ 

vl)-lH-pyrazolo[3,4-b]pyridin-4-amine, 

N-({5-[l-Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazoto 

l,3,4-oxadiazol-2-yl}methyl)-N-methylacetamide s 

l-Etbyl-N-(tetrahydro-2H-pyran-4-yl)-5-[5-(tetrah^ 

oxadiazol^-yll-lH-pyrazolop^blpyridin^-amine, 

l.Eliiyl-5-[5-(l-methylcyclobutyl)-l,3,4-oxadiazol-2-yl]-^^^ 

lH-pyrazolorS^blpyridin^-amine, 

l- E £yl-5-[5-(3-me&yl-5^ 

vlVl H-p vrazolo[3 ,4-b]pyridin-4-amine, 

I-EthylT[5-(l-L^ 

4-yl)-lH-pyrazolo[3 ,4-b]pyridin-4-amine, 
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5-[5-(l -AcetyI-4-piperidm^ 
yl)-lH-pyrazolo[3 > 44)]pyridin-4-aiiune > 
1 -Ethyl-5- {3-[(4-met^ 

pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine, 
5 l-Ethyl-5-[3-(4-fluorophen^ 

pyrazolo[3,4-b]pyridin^-amine, or 

1 -Ethyl-5- {3-[2-oxo-2-(l -pyrrolidinyl)ethyl]-l ,2,4-oxadiazol-5-yl} -N-(tetrahydro-2H- 
pyran^-yl)-lH-pyrazolo[3,4-b]pyridin-4-ainine; 

10 or a salt thereof. 



42. A compound or salt as claimed in any of claims 1 to 38, which is: 

^ 15 2- {5-[ 1 >Ethyl-4-(tetrahydro-2ff-pyran-4-ylamino)- li7-pyrazolo [3 ,4-&]pyridin-5-yl] - 1 ,2,4- 
oxadiazol-3 -yl } -iV^phenylacetamide, 

2- {5-[ 1 -Ethyl-4-(tetrahydro~2^pyran-4-yl amino)- li/-pyrazolo [3 ,4-Z?]pyridin-5-yl] - 1 ,2,4- 
oxadiazol-3-yl} -A^l-phenylethytyacetamide, 

1- Etfcyl-5-{3-[2-oxo-2-(l-piperidm^^ 

20 pyran^-yl)-lJ7-pyrazolo[3,4-&]pyridin-4-amine, 

2- {5-[ 1 -Etiiyl-4-(tetrahydro-2/7-pyran--4-ylamino)- l#-pyrazolo[3 ,4-6]pyridin-5-yl] - 1 ,2,4- 
oxadiazol-3-yl} -iST-(phenylmethyl)acetamide, 

2- {5-[l-Ethy l^-(teti^ydro-2Jy-pyran-4-ylamino)-lH-pyrazolo -1 ,2,4- 

oxadiazol-3-yl}-i\^-dimethylacetamide, 
25 iV^Ethyl-2-{5-[l-ethyl-4-(tefr^ 

yl]-l,2,4-6xadiazol-3-yl} acetamide, 

l-Ethyl-5-{3-[l-(4-moipho^ 

yl)-lif-pyrazolo[3,4-6]pyridin-4-amine, 

5-[3-(CyclohexylmetiiylH^ 
30 liy-pyrazolo[3,4-6]pyridin-4-amine, 

l-Ethyl-5-{3-[2-oxo-2-(l-piperid^ 

pyran-4-yl)-liI-pyrazolo[3,4-Z>]pyridin-4-airiine, 

1 -ethyl-5- {3-[2-(4-methy^ 

(tetrahydro-2i/~pyran-4-yl)-l/^^^ 
35 1-Ethyl-AKtetrahydro-^ 

oxadiazol-2-yl]-lJy-pyrazolo[3,4-6]pyridin-4-amine, 

5-{5-[(2,4-Dimethyl-l,3-^ 

(tetrahydro-2i^pyran-4-yl)-l/ir-pyrazolo [3 ,4-&]pyridin-4-amine, 
l-Etiiyl-5-[5-(2-furanyta^^ 
40 pyrazolo[3,4-&]pyridin-4-amine, 

l-Ethyl-5-[5-(3-isoxazolylmethyl)-l^^ 
l/f-pyrazolo[3,4^]pyridin-4-amine, 
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l-e%l-5-(5-{[4-(methyloxy)phenyl]^ 
pyran-4-yl)-lif-pyrazolo[3Ai>]pyridin-4-amine, 
l-Ethyl-iV-(tetrahydro-2#-p 
ylj-lJ^-pyrazoloP^^pyridin^-amine, 
5 l-Ethyl-5-[5-(5-isothiazolylmethyl)-l^ 
lH-pyrazolo[3A^]pyridin-4-amine, 
l-Elhyl-S-{5-[(3-methyl-5-isoxa2»W 
pyran-4-yl)- l/f-pyrazolo [3 ,4-£>]pyridin-4-amine, 

5_(5_ {[4_(Dimethylamino)phenyl]methyl} -1 ,3,4-oxadiazol-2-yl)-l -ethyl-i\T-(tetrahydro- 
1 0 2/7-pyran-4-yl)-li?-pyrazolo[3,4-6]pyridin-4-amiiie (1 : 1), 
l-Ethyl-5-{5-[(2-methyl-l>thiazol^yl^ 
2H-pyran-4-yl)-liy-pyrazolo[3,4-Z>]pyridin-4-amine, 
A 2-[l-({5-[l-ethyl-4-(tetrahydro-2ff-^ 

W l,3,4-oxadiazol-2-yl}methyl)cyclopentyl]-iV-me1hylacetaniide, 
J 15 jVK{5-[l-Ethyl-4-(tetrahydro-2^ 

l,3,4-oxadiazol-2-yl}methyl)cyclopropanecarboxamide, 
l-Etiiyl-5-{5-[(5-me1hyl-3-isoxazolyl^ 
pyran-4-yl)-l//-pyrazolo [3 ,4-Z>]pyridm-4-amine, 
l-Ethyl-5-{5-[(5-methyl-3-isoxazolyl)m^ 
20 pyran-4-yl)-liy-pyrazolo[3,4-6]pyridin-4- amine, 
l-Ethyl-5-{5-[2-(4-methyl-l,3-thiazol-5^ 
2iy-pyran-4-yl)-liy-pyrazolo[3,4-Z>]pyridin-4-aniine, 
5-{5-[(3,5-Dime1hyl-4-isoxazolyl)meth^^^ 
2iy-pyran-4-yl)-lJy-pyrazolo[3,4-fc]pyridin-4-amm 
25 j\^l-{5-[l-Ethyl-4-(tetrah^ 

l,3,4-oxadiazol-2-yl} ethyl)acetamide, 
5-{5-[(l-acetyl-4-piperi(iinyl)met^ 
pyran-4-yl)-lH-pyrazolo[3,4-6]pyridin-4-amine, 
l-Ethyl-5-{5-[(4-metiiylphenyl)ra^ 
30 yl)-liy-pyrazolo[3,4-6]pyridin-4-aiiiine, 

1- Ethyl-5-[5-(4-me&ylphenyl)-13>4-oxa&^ 
pyrazolo[3,4-6]pyridin-4-amine, 
5^5-(3,4-Dimethylphenyl)-l,3,4-oxadia^ 
l/^pyrazolo[3,4-fe]pyridin-4-amine, 

35 5-[5-(2,4-Dimethylphenyl)-l,3Ao 
l//-pyi^olo[3,4-6]pyridin-4-amine, 
5-{5-[(4-Bromophenyl)methyl]-lA4-oxadiazol-2-^^^ 
y^-liif-pyrazolop^^pyridin^amine, 

2- [l-Ethyl-4-(tetrahydro-2#-py^^ 
40 (phenylmethyl)-l,3-oxazole-4-carboxamide, 

2-[l-E&yM-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4-b]pyri 
(methyloxy)phenyl]methyl) -1 ,3-oxazole-4-carboxamide, 



# 
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2-[l-Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4-b]pyri^ 
methylphenyl)methyl]-l,3-oxazole-4-carboxamide, 

2-[l-Ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4-b]pyndin-5-ylJ 
methylphenyl)methyl]-l,3-oxazole-4-carboxamide, _ 

2-[l-Ethyl-4-(tetrahydro-2H-pyr^ 

methylphenyl)methyl]-l,3-oxazole-4-carboxamide, 

N-[(4-Cblorophenyl)methyl]-241-ethyl-4<tetrahydro-2H-pyran-4-ylanim 

pyrazolo[3^b]pyridin-5-yl]-l > 3-oxazole-4-carboxamide 5 „ 
N-[(23-Dimethylphenyl)methyl]-2-[l-ethyl-4<tetrahydro-2H-pyran-^ 

pyrazoloP^blpyridin-S-yll-l^-oxazole^carboxainide, • 
N-[(3,5-Dimethylphenyl)methyl]-2-[l-ethyl-4-(tetrahydro-2H-pyran-4-y^ 

pyrazolo[3,4-b]pyridiii-5-yl]-l 5 3-oxazole-4-carboxainide, . 
N-[(3,4-Dimethylphenyl)methyl]-2-[l-ethyl-4-(tetrahydro-2H-pyran-4-y^ 

pyrazolo[3 5 4-b]pyridin-5-yl]-l>oxazole-4-carboxamide, 
2-[l-Ethyl-4<tetrahyiJro^^ 

phenylethyl)-l,3-oxazole-4-carboxamide, i_i < n xt /m?>k 

2-[l-Ethyl-4-(tetrahy^^ 

1- [4-(methyloxy)phenyl]ethyl}-l,3-oxazole-4-carboxamide 

2- [l-Ethyl-4-(tetrahydro-2H-pyrm-4-ylamino)-lH-pyrazolo[3,4-b]py^ 

1- phenylpropyll-l^-oxazole-^carboxamide, . 

2- [l-Ethyl-4<tetrahydro-2H-pyran-4-yla m ino)-lH-pyra Z olo[3 

methylphenyl)-l,3-oxazole-4-carboxamide, 
2-[l-Ethyl-4-(tetr a hydro-2H-pyran-4-ylainino)-lH-pyra2olo[3 

[ (me thylsulfonyl)ami^^ , 
2-[l-E&yl-4-(teteahyto 

(methylsulfonyl)phenyl]methyl}-l,3-oxazole-4-carboxamide, 

N-(l-Acetyl-4-piperidinylV2-[l-ethyl-4-(tetrahydro-2H-^ 

pyrazolo[3,4-b]pyridin-5-yl]-l,3-oxazol e -4-carboxaiiiide, 

2-[l-Ethyl-4Ktetrahydro-2H-pyran-4-ylamino)-lH-py^^ 

(tetrahydro-2H-pyran-4-yl)-l s 3-oxazole-4-carboxamide, 

2-[l-Ethyl-4Ktetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4-b]pyn^^ 

(tetrahydro^-furanylmethyD-l.S-oxazole-^carboxamide 

2.[l-E^yl-4-(tetrahydro-2H-pyran^-ylamino)-lH-pyr^^ 

methyi-l-piperazinyl)ethyl]-l,3-oxazole-4-carboxaniide, 

N-[HAminomethyl)cyc^^^ 

P yrazolo[3,4-b]pyridin-5-yl]-N-methyl-l,3-oxazole-4-carboxaiiiide, 
^2,6-Dimethylphenyl)-2-[l-ethyl-4-(tetrahydro-2H-pyra^ 

blpyridin-5-yl]-l,3-oxazole-4-carboxamide, . 
>f { [4<Anto 

lH-pyrazolo[3,4-b]pyridin-5-yl]-U-oxazole-4-carboxainide, ... 

2-{5-[l-Ethyl-4-(tetrahydro-2H*^ 
oxadiazol-3-yl}-^-(tetrahydro-2H-pyran-4-yl)acetamide s 



P33153 PCT 



-236- 



5-{3-[2-(2,6-Dimethyl-4-moipholinyl)-2-oxoethyl]-l,2,4-oxadiazol-5-yl}-l-e1hyl-iV- 
(tetrahydro-2#-pyran-4-y^ 

l-Ethyl-5-{3-[2-(4-methyl-l-piperidinyl)-2-oxoethyl]-l,2,4-oxadiazol-5-yl}-i^- 
(tetrahydro-2H-pyran-4-yl)-lif-pyrazolo[3,4-6]pyridin-4-amine, 

5 2-{5-[l-Ethyl-4-(tetrahydro-2H-pyr^ 

oxadiazol-3-yl}-iNr-[l-methyl-2-(mefliyloxy)ethyl]acetamide, 

5- {3-[2-(3,5-Dimethyl-l-piperidinyl)-2-oxoe1iiyl]-l,2,4-oxadiazol-5-yl>-l-etlayl-iV'- 

(tetrahydro-2H-pyran-4-yl)-liy-pyrazolo[3,4-&]pyridin-4-amine, 

1- E1hyl-5-{3-[2-(3-metliyl-l-piperidinyl)-2-oxoethyl]-l,2,4-oxadiazol-5-yl>-iV"- 
10 (tetrahydro-2H-pyran-4-yl)-liy-pyrazolo[3,4-6]pyridin-4-amine, 

2- {5-[l-Ethyl-4-(tetrahydro-2//^^ ,2,4- 
oxadiazol-3-yl}-iV^3-pyridinylacetamide, 

6- {5-[l-Ethyl-4-(tetrahydro-2#-py^^ 
oxadiazol-2-yl}-2-piperidinone, 

15 l-Ethyl-5-{5-[(3-methyl-lH-l,2,4-triazol-5-yl)methyl]-l,3,4-oxadiazol-2-yl}-iN^ 

(tetrahydro-2tf-pyran-4-yl)-l^ 
j\/u({5-[l-Ethyl-4-(tetrahydro-2^ 
l,2,4-oxadiazol-3-yl}methyl)acetamide, 
jV-.({5-[l-Ethyl-4-(tetrahydro-2iy-py^^ 
20 l,2,4-oxadiazol-3-yl}methyl)benzamide, 

j\^{5-[l-Ethyl-4Ktetrahydro-2H-pyran-4-ylamm 
l,2,4-oxadiazol-3-yl}methyl)-2-phenylacetamide, 

N-({5-[l-Ethyl-4-(tetrahydro^ 

1 ,2,4-oxadiazol-3-yl}methyl)-2-methylpropanamide, 

25 j\r-({5-[l-£thyl-4-(tetr^ 

l,2,4-oxadiazol-3-yl}me1iiyl)-3-methylbutanamide, 

#-({5-[l-Ethyi-4-(tetrahydro^^ 
l,2,4-oxadiazol-3-yl}methyl)cyclohexanecarboxamide, 

#_({5_[l_Ethyl-4-(tetrahyd^^ 
30 l,2,4-oxadiazol-3-yl}methyl)-2-furancarboxamide, 

AT-('{5-[l-E1hyl-4-(tetrah^^ 
l,2,4-oxadiazol-3-yl}methyl)methanesvilfonamide, 

j\f-({5-[l-Ethyl-4-(tetrahyd^ 

1 ,2 5 4-oxadiazol-3-yl}methyl)benzenesvilfonamide, 

35 j\f-({5-[l-Ethyl-4-(tetrahydro^^^ 

l,2,4-oxadiazol-3-yl>methyl)-l-phenylmetbanesulfonamide, 

jVL({5_[i-Ethyl^(tetrahydro-2H-pyran-4-ylainino)^ 
l,2,4-oxadiazol-3-yl>methyl)-2-propanesulfonamide, 

;^({5-[l-Ethyl-4-(tetrahydro-^ 
40 l,2,4-oxadiazol-3-yl>methyl)-l-propanesulfonamide, 

iV^({5-[l-Ethyl-4-(tetrahydro-2#-^ 

1 ,2,4-oxadiazol-3-yl}methyl)cyclopropanesulfonamide, 
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N~({5- [ 1 -E1hyl-4-(tetrahydro- [ 3 ,4-Z>]pyridin-5~yl] - 

l,2,4-oxadiazol-3-yl}me1hyl)-2-thiophenesulfonamide, 

1 -( { 5 -[ 1 -Ethyl-4-(telxahydro-2H--pyran-4-ylaiiiino) - lH-pyr azolo [3 ,4-6]pyridin-5-yl] - 

1 ^^-oxadiazol-S-yl} methyl)-2-pyrrolidinone, 
5 l-( {5-[l-Ethyl-4-(tetrahydro-2#~^ ,4-6]pyridin-5-yl]- 

l,2,4-oxadiazol-3-yl}methyl)-2-piperidinone, 

5-{3-[(l-Acetyl-4-piperidiny^ 

pyran-4-yl)- l/y-pyrazolo[3,4-Z?]pyridin-4-amine 5 

l-Ethyl-5-(3-{[l-(3-me&y^ 
10 (tetrahydro-2#-pyran-4-yl^ 

l-Ethyl-5^3-{[l-(methylsulfonyl>4-piperidinyl]m 

(tetrahydro-2fiT-pyran-4-yl)- 1/7-pyrazolo [3 > 4-6]pyridin-4-amine, 

l-Ethyl-5-{3-[l-(phenylsulfc^ 

pyran-4-yl)-li/-pyrazolo[3,4-6]pyridin-4-amine > 
15 l-Ethyl-5-[3-(phenytae&yO 

pyrazolo[3 9 4-6]pyridin-4-amine, 

l-Ethyl-5-[3-(l-phenylet^ 

pyrazolo [3 ,4-&]pyridin-4-amiae, 

l-Ethyl-5-(3-{[4~(methy^^ 
20 pyran-4~yl)-li/-pyrazolo[3 ? 4-6]pyridin-4-amine, 

5-(3- {[4-(Dimethylamino)ph^^ 

2/^pyran^-yl)-liy-pyrazolo[3,4-6]pyridin-4-aim 

5-(3 - { [3-(Dimethylatnino)phenyl]methyl} - 1 ^ 5 4-oxadiazol-5-yl)~ 1 -ethyl-AT-(tetrahydro- 
2//-pyran-4-yl)- IjfiT-pyrazolo [3 ,4~&]pyridin-4-amine, 
25 5-(3~{[4-(Dimethylamino)phe^ 
2if-pyran-4-yl)-li/-pyrazolo[3,4^ 
l-Ethyl-5-{34(phenyloxy)me^ 
l/f-pyrazolo[3 ,4-&]pyridin-4-amine, 
l-ethyl-AT-(tefr^ 

30 a ]pyridin-3-ylmethyl)-l ,2,4-oxadiazol-5-yl]- l#-pyrazolo [3 ,4-&]pyridin-4-amine, 

l-Ethyl-5-{3-[(4-phenyl-l-p^ 

pyran~4-yl)-li/-pyrazolo[3,4-Z?]pyridin-4-amine, 

l-Ethyl~5-(5-ethyl-i;2,4-oxadi^^ 

&]pyridin-4-amine, 
35 5-(5-{[4-(Dimethylamino)pte^ 

2if-pyran-4-yl)- li7-pyrazolo [3 > 4-&]pyridin-4-arnine, 

l~Ethyl-5-(5-{[4-(methyloxy)^^^ 

pyran-4-yl)-l#-pyrazolo[3,4-Z0^ or 

5-(3 , 8-Dioxa- 1 -azaspiro[4. 5 ] dec- 1 -en-2-yl)- 1 -ethyl-A^(tetrahydro-Z?/-pyran-4-yl)-- 1 H~ 
40 pyrazolo[3 ,4-6]pyridin-4-amine; 

or a salt thereof 
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43 . A compound or salt as claimed in any of claims 1 to 3 8, which is: 

l-Emyl-5-(5-memyl-13,4-oxadiazol-2-yl)-NKtetrahydro-2H-pyran-4-yl)-lH- 
5 pyrazolo[3,4-b]pyridm-4-amine (the compound of Example 14), 
5-(5-Tert-butyl-l,3,4-oxadiazol-2-ylH^ 

pyrazolo[3,4-b]pyridm-4-arriine (the compound of Example 17), 
l-Emyl-5-{5-[(memylsmfonyl)me^ 

yl)-lH-pyrazolo[3,4-b]pyridin^-amine (the compound of Example 23), 
10 l-Emyl-5-[5K3-memyloxetan-3-yl>l,3,4-oxamazol-2-yl]-N-(tetr^ 
lH-pyrazolo[3,4-b]pyridm-4-amine (the compound of Example 34), 
l-Emyl-5-{5-[(4-memylpiperazm-l^ 

pyran-4-yl)-lH-pyrazolo[3,4-b]pyridm-4-amine (the compound of Example 35), 

l-Emyl-N-(tetrahydro-2H-py^^ 
15 2-yl]-lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 38), 
also named: l-Emyl-5-[5-(momholm-4-ylmemyl)-l,3,4-oxamazol-2- y y 
2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pyri(hn-4-amine (the compound of Example 39) 
l-Emyl-5-[5-(tetrahydxoto^ 

lH-pyrazolo[3,4-b]pyrid±i-4-arnine (the compound of Example 44), 

20 i-Etoyl-N-(tetrahydro-2H^^ 

oxadiazol-2-yl]-lH-pyrazolo[3,4-b]pyridin-4-amine (the compound of Example 77), or 

l-Erayl-5-{3-[2-oxo-2<l-pyirohdmy^^ 

pyran-4-yl)-lH-pyrazolo[3,4-b]pyridm-4-amine (the compound of Example 84); 
25 or a salt thereof. 

44. A compound or salt as claimed any preceding claim, which is the compound or a 
pharmaceutically acceptable salt thereof. 



30 



35 



40 



45. A compound or salt as claimed in any preceding claim, which is in a particle-size- 
reduced form. 

46. A compound or salt as claimed in claim 45, wherein the particle size (D50 value) 
of the size-reduced compound or salt is about 0.5 to about 10 microns. 

47. A compound or salt as claimed in any preceding claim, for use as an active 
therapeutic substance in a mammal such as a human. 

48 A pharmaceutical composition comprising a compound of formula (I) or (IA), as 
defined in any of claims 1 to 46, or a pharmaceutically acceptable salt thereof, and one or 
more pharmaceutically acceptable carriers and/or excipients. 
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49. A pharmaceutical composition as claimed in claim 48 which is suitable for and/or 
adapted for inhaled administration. 

5 50. A pharmaceutical composition as claimed in claim 48 which is suitable for and/or 
adapted for oral administration. 

51. A pharmaceutical composition as claimed in claim 48, 49 or 50, for the treatment 
and/or prophylaxis of an inflammatory and/or allergic disease or cognitive impairment in 

10 a mammal such as a human. 

52. The use of a compound of formula (I) or (IA), as defined in any of claims 1 to 46, 
or a pharmaceutically acceptable salt thereof, in the manufacture, of a medicament for the 
treatment and/or prophylaxis of an inflammatory and/or allergic disease or cognitive 

15 impairment in a mammal such as a human. 

53. Amethod of treatment and/or prophylaxis of an inflammatory and/or allergic 
disease or cognitive impairment in a mammal such as a human in need thereof, which 
method comprises administering to the mammal a therapeutically effective amount of a 

20 compound of formula (I) or (IA), as defined in any of claims 1 to 46, or a 
pharmaceutically acceptable salt thereof. 

54. A composition, or the use or a method as claimed in claim 5 1, 52 or 53, wherein 
the composition or medicament or method is for the treatment and/or prophylaxis of 

25 chronic obstructive pulmonary disease (COPD), asthma, rheumatoid arthritis or aUergxc 
rhinitis in a mammal sucxTas a human. 

55 A composition, the use or a method as claimed in claim 54, wherein the 
composition or medicament or method is for the treatment and/or prophylaxis of chronic 

30 obstructive pulmonary disease (COPD) in a mammal such as a human. 

56 A composition, the use or a method as claimed in claim 54, wherein the 
composition or medicament or method is for the treatment and/or prophylaxis of asthma 
in a mammal such as a human. 



35 



57. A composition, the use or a method as claimed in any of claims 51 to 56, wherein 
the composition or medicament is for oral administration and is a pharmaceutical 
composition as defined in claim 50, or wherein the method comprises oral administration 
to the mammal of a pharmaceutical composition suitable for oral administration and as 
40 defined in claim 50. 
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ABSTRACT 

Pyrazolo[3,4-b]pyridine compounds, and their use as phosphodiesterase 

inhibitors 

The invention relates to a compound of formula (I) or a salt thereof: 




Het 

(0 



10 wherein: PJ is C 1 _ 4 alkyl, Ci_ 3 fluoroalkyl or -(CH 2 ) 2 OH; R 2 is a hydrogen atom (H), 
methyl or Cifluoroalkyl; R 3a is a hydrogen atom (H) or Ci_3alkyl; 

R3 is optionally substituted branched C 3 _6alkyl, optionally substituted 
C3_8cycloalkyl, optionally substituted mono-unsaturated-C5_ 7 cycloalkenyl r optionally 
substituted phenyl, or an optionally substituted heterocyclic group of sub-formula (aa), 

15 (bb)or(cc): 






n 2 



7 

(aa) (bb) «*> 

in which n 1 and n 2 independently are 1 or 2; and Y is O, S, S0 2 , or NR 4 ; 
and wherein Het is of sub-formula (i), (ii), (iii), (iv) or (v): 



r-t. rt m 

Z 2 ' 

(i) («) On) (iv) (V> 



. w— x' w^x' yv— a i -\ 



The compounds are phosphodiesterase (PDE) inhibitors, in particular PDE4 inhibitors. 
Also provided is the use of a compound of formula (I), or a pharmaceutically acceptable 
salt thereof, in the manufacture of a medicament for the treatment and/or prophylaxis of 
25 an inflammatory and/or allergic disease in a mammal such as a human, for example 
chronic obstructive pulmonary disease (COPD), asthma, or allergic rhinitis. 
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